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Executive Summary

Brewster Freshwater Ponds: Water Quality Statds an

Recommendations for Future Activities
Final Report
September 2009

Cape Cod ponds are part of the regional aquifdesyand, as such, are linked to
drinking water and coastal estuaries, as well ggpafiutants added to the aquifer. In Brewster,
water quality in the ponds are generally a reftecof the amount of development around the
ponds, including impacts from wastewater, fertilizeand stormwater runoff, as well as the
individual characteristics of each pond. Until tb@pe Cod Pond and Lake Stewardship (PALS)
program was created, water quality in most ponds gemerally limited to anecdotal information
from long time residents.

The Cape Cod PALS program provides a focus for jpead concerns and staff from
Coastal Systems Program at the School of Marinen8eiand Technology (SMAST),
University of Massachusetts Dartmouth and the @@ Commission (CCC) provide training
and guidance to local volunteers about collectiagewsamples, as well as discussing
management of pond water quality and pond uses.

Volunteer water quality sampling activities have te eight consecutive, annual PALS
water quality snapshots, which have included fab®tatory analysis through SMAST. Citizen
enthusiasm for pond water quality has led to moaatgsupported, citizen monitoring with
laboratory services provided through the Cape CatibNal Seashore. All these monitoring
activities have created a large dataset of volurtekected pond water quality data in need of
analysis and interpretation.

Through funding provided by Barnstable County, SMAsSaff have been contracted by
the CCC to review all available laboratory anddielater quality data collected by Town of
Brewster volunteers from 29 ponds between 2001280d. In addition to the town-wide
review, this review also includes more detailedeevof six ponds selected by the Town of
Brewster: Blueberry, Seymour, Canoe, Walkers, Upfi#, and Lower Mill. These more
detailed, pond-specific reviews include delineatddpond watersheds, development of water
and phosphorus budgets, characterization of thdgeoological status, and recommendations
for next steps.

Requlations, Management Strategies and Nutrient Thesholds

Assessing the condition of a pond ecosystem isrgp@bout both assessing the
ecological conditions and comparing those condgtitanregulatory thresholds. Regulatory
standards are defined as an interpretation of e &&dstate, or local law, while ecological gauges
are generally based on comparisons to similar pondignilar settings or to historic information
about the pond under review. Since regulatorydsteds have the power of law, community
action can be compelled by regulatory entities dllguhe state), while meeting ecological
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gauges are usually based on the local value aedmurce. Effective management strategies
address both ecological and regulatory goals.

State Regulatory Standards, Clean Water Act and BAmDLs

All freshwater ponds in Massachusetts that aredrinking water supply sources are
classified as “Class B” waters under Massachusetttace Water Quality Standards regulations
(314 CMR 4). According to these regulations, CBssaters must have “consistently good
aesthetic value” and have the following designaisek: “habitat for fish, other aquatic life, and
wildlife, including for their reproduction, migratn, growth and other critical functions, and for
primary and secondary contact recreation” [314 CMB5(3)(b)]. These regulations have been
written to interpret the Massachusetts Clean Wate(Massachusetts General Law c. 21, 88 26
through 53) and the Massachusetts’ role in impldingrihe federal Clean Water Act. The
Massachusetts Department of Environmental Prote¢B&P) is the regulatory agency
responsible for implementation of both the state f@deral Clean Water Acts.

Massachusetts Surface Water regulations have brdg numeric standards: dissolved
oxygen, temperature, and pH. Most of the otheuleggry guidance is qualitative descriptions.
Among the numeric standards, the most importamh facgeneral ecological perspective is
dissolved oxygen. Survival of certain specieshsagtrout, is highly dependent on appropriate
oxygen levels.

However, impairment of oxygen levels is more ogartinal condition for a pond
ecosystem rather than a warning sign that conditeoe worsening. Addition of excessive
nutrients will usually be measured in raised natrncentrations and diminished clarity
(caused by phytoplankton populations growing onetktea nutrients). Oxygen levels generally
decline only after much of the results of the exoasgrowth have been deposited in the pond
sediments and prompted excessive sediment oxygearae

According to the state surface water regulatiorssalved oxygen concentrations in
ponds “shall not be less than 6.0 mg/l in cold wésheries and not less than 5.0 mg/l in warm
water fisheries” [314 CMR 4.05(3)(b)1.]. All theimeric regulatory standards have provisions
to allow “natural” readings outside of the spedfranges; for example, pH readings in most
Cape Cod ponds are lower than the state 6.5 louaita strong case is available that most ponds
in the southeastern Massachusetts outwash plai@amé Cod, Plymouth, and portions of
Wareham have natural pH readings less than 6.hif{Eicand others, 2003).

Any waters failing to meet the numeric standardhenstate Surface Water regulations
are defined as “impaired” for the purposes of fal@ean Water Act compliance. All impaired
waters are required by the Act to have a Total Maxn Daily Load (TMDL) established for the
contaminant that is creating the impairment. UriderClean Water Act, states are required to
create implementation plans to meet TMDLs; DEP gna# to date has focused on having
community-based comprehensive wastewater plangdagbrovisions to meet established
TMDLs.

Other than the limited numeric standards, the atblated state compliance threshold is
whether a pond is supporting all designated u3é. pertinent portion of the regulations states
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that: “Unless naturally occurring, all surface sratshall be free from nutrients in
concentrations that would cause or contribute foaiinment of existing or designated
uses...Human activities that result in the nonpamiree discharge of nutrients to any surface
water may be required to be provided with costatiffe and reasonable best management
practices for nonpoint source control’ [314 CMR%%)(b)3.]. Given that this is an interpretive
threshold, it is often a pathway to begin to disgosnd ecological conditions.

Nutrient Limits for Brewster Ponds

In an effort to begin to address the high numbemgiaired waters around the United
States, the federal Environmental Protection Agdig3A) has proposed a procedure to develop
“nutrient criteria” for various water resources;luiding lakes and ponds (EPA, 2000). This
method relies on gathering data throughout an @réacoregion” with similar assemblages of
natural communities and species. That data isulked to determine what are reasonable
nutrient criteria or limits to protect the ponddlims area from impairments. At this point, EPA’s
method is used to produce numeric guidelines, equlatory standards.

All of Cape Cod is within EPA’s Atlantic Coastalrei Barrens Ecoregion (Griffith and
others, 1999). As a result of the initial Cape ®#d_S water quality snapshot in 2001,
volunteers collected nutrient samples from 195 goridsing this data, CCC staff applied the
EPA nutrient criteria procedures and determinedienit criteria for total phosphorus, total
nitrogen, and chlorophyé (Eichner and others, 2003).

The EPA nutrient criteria guidance defines two apphes to determining nutrient
criteria: one based on reviewing results from alted “reference” or relatively pristine ponds
and another based on all available pond data resgsrdf water quality conditions. The
respective standards based on the surface wat@tesafrom the 2001 Cape Cod dataset are:
chlorophylla, 1.0 and 1.7 ppb; total nitrogen, 0.16 and 0.3h;pgnd total phosphorus, 7.5 and
10 ppb (Eichner and others, 2003).

Town-wide Pond Water Quality

Review of the volunteer data from 29 Brewster pamasitored between 2001 and 2007
indicates that 24 of the ponds have average disdaxygen concentrations that fail to attain
minimum state regulatory thresholds in at leastsarapling station. The five ponds that meet
the state minimum dissolved oxygen standards #haill stations are: Cahoon, Greenland,
Smith, Walker, and Little CIiff.

Review of other ecological factors show that altref ponds except for Higgins have at
least one station where the average concentraticeeds the Cape Cod ponds 1.7 ppb
chlorophylla standard. All of the ponds except for HiggindtleiCliff, Sheep, Slough, and
Greenland have at least one station where the gevéo#al phosphorus exceeds the Cape Cod
ponds 10 ppb standard. These same ponds aldoeanelyy ponds where average concentrations
at all stations are less than the Cape Cod podsgpm total nitrogen standard. The fact that
the nutrient lists and the dissolved oxygen lisésreot the same reinforces the need to review
and understand the individual characteristics ohgsnd.
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Review of total nitrogen to total phosphorus rasbsw that all ponds are phosphorus
limited, which means that management of phosphaili®e the key for determining water
quality in these ponds. It also means that reduastin phosphorus will have to be part of any
remediation plans.

Detailed Pond Water Quality Assessments

Six ponds were selected by the Town for more detaiéview by SMAST staff:
Blueberry, Seymour, Canoe, Walkers, Upper Mill, angver Mill. These detailed reviews
allow the review of water quality data completedha town-wide overview to be enhanced and
brought into a better context and understandingoef watershed and in-lake factors influence
the water quality that is measured. These detadei@ws include: 1) the incorporation of
watershed information, 2) development of water lmisigp determine how water moves in an
out of each pond, and 3) development of phosphaudgets to help understand the likely
sources of the nutrient for each individual pomevelopment of the phosphorus budget
includes review of surrounding land uses, whiclo aléows project staff to develop estimates of
both existing and future sources of phosphorusdobetter understand any phosphorus travel
delays in the aquifer, and identify where additiantormation should be gathered before
remediation plans are implemented.

Because phosphorus moves very slowly in Cape Codeagonditions, it can take
decades for some loads from even nearshore sostaEsas septic systems, to reach a pond
shoreline and discharge into the pond. Compa$@xisting conditions to projected future
loads in the six ponds show that only a fractiothef steady-state watershed nutrient loads have
reached the ponds; water quality will worsen asawdithe phosphorus already in the aquifer
reaches pond and the systems move closer to sté&ady

The detailed review of the six individual pondswkdhat Seymour, Canoe, and
Blueberry are all impaired based on the state biedaoxygen regulatory limits. Upper Mill is
borderline impaired and Walkers and Lower Mill amt impaired under the state regulatory
limits.

In contrast, all six of the detailed ponds are imgghbased on the review of total
phosphorus, chlorophydl, and Secchi transparency. The individual circamses of each pond
show how the dissolved oxygen standards can bevimig ecological conditions are impaired.
For example, Walkers Pond meets the state dissolggen limit. It meets the limit largely
because of its location near the interior of thpe& &lose to the highest point in the area and
because of its shallow depth. Because of its @lmvat is exposed to close to the maximum
wind energy available and because of its shalloptiget has a relative small volume compared
to its surface area. These factors mean that #terwolumn in Walkers is very well mixed.
This regular mixing allows any oxygen demand fréva sediments to be addressed by the
regular addition of atmospheric oxygen to the watdumn. And this allows Walkers to meet
state dissolved oxygen standards even though iversge total phosphorus concentrations five
times higher and average chlorophgytoncentrations 10 times higher than their respe@iape
ponds standards.
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Evaluation of the water and phosphorus budgetthfosix detailed ponds generally
revealed that additional information is going torbguired before remediation options are
evaluated for cost and effectiveness and remedigliens are adopted. A better understanding
of sediment regeneration of phosphorus and thegttooas contribution of bird populations are
common needs for all of the detailed ponds. Intamd it is recommended that stormwater
systems around the ponds be evaluated in ordeviel@b measured, pond-specific phosphorus
input of this source. Depending on how well thegghorus budgets balance after developing
this recommended information, it may also be nexrgs® complete rooted plant surveys in
order to evaluate how much phosphorus may be bwutias portion of the plant community, as
well as providing a baseline for future impactongpletion of these activities will allow the
town to more effectively review remediation optiaml clearly define which sources are most
cost effective to address.

Conclusions and Next Steps

It is clear from the collected data that most af\Bster ponds have compromised water
qguality. Generally, these impairments do not dfteeir use for recreational purposes except
perhaps for fishing, but the many of the pondsea@ogically impaired and some do not meet
state regulatory standards. Those that do not sta&t regulatory standards will be required to
have TMDLs developed and plans will have to be areg to meet the TMDLs. The town will
also have to decide how it will choose to addreesé ponds that meet state standards, but are
impaired based on all other known ecological messur

Addressing the impairments will likely require anmoer of years given the likely costs.
For this reason, it is recommended that the townptete more detailed reviews equivalent to
those completed for the six selected ponds. Cdioplef these reviews will allow the town to
begin to frame the full extent of the issues thedto be addressed.

Similarly, it is recommended that the town subiiné tesults from the detailed review of
the six ponds to the state Department of Enviroriald?rotection for consideration and listing
on the 2010 Integrated List. This list is revi$§gdDEP every two years to satisfy federal
requirements under Sections 303d and 305b of thkarClVater Act. Waters selected as
impaired and added to this list are required teehBMDLsS. The state’s response to submittal of
the six ponds will provide the town with guidandmat how to approach remediation of these
ponds, as well as guidance on how similar condstiwil be regarded in Brewster’s other ponds.

It is also recommended that the town consider ggnthe process to develop the
additional information identified as needed throtige detailed review of the six selected ponds.
This information will help the town refine the umd@anding of the ecosystems and ensure that
future remediation plans will be directed at phaspk sources that are cost effective and
ecologically pertinent.

Finally, it is recommended that the town considertimuing the citizen monitoring
program for the ponds. The available datasetlfdh@ ponds means that they do not need to be
monitored frequently, but it is recommended thalthe sampled twice a year: once in April to
establish pre-summer water quality conditions fat tyear and once in August/September to
evaluate what are likely to be the worst water iqpiabnditions of the year. It is further
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recommended that PALS Snapshot sampling protoooisrie to be used for both sampling
rounds. Continuation of this effort will allow thewn to continue to track any changes, identify
any significant problems before they become moress, and lay the groundwork to minimize
any future TMDL compliance monitoring.

This report contains ballpark cost estimates fbofalhe recommended activities, which
are summarized below. SMAST staff are availablasgist the town in the development of
detailed tasks and associated costs to addressrdmsmmendations. Cost savings may be
realized by utilizing volunteers and town staff wdweer possible, as well as bundling tasks to
minimize mobilization and reporting costs.
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Table EX-1. Summary of Recommended Activities foBrewster Ponds

All recommended activities are discussed in grede¢ail in the report. Estimated costs are
based on SMAST personnel costs for current fiseal ynd stand alone projects. Lower tot
costs for each activity can be achieved by bundiictiyities together and development of mo
refined task activity lists. Selected tasks walfjuire further discussion with the town to seleg
among a variety of approaches; these are desigi@Pd To Be Determined). SMAST staff

are available to assist the town in developing disté and refined costs.

re

—

Recommended Tasks Section Pzge Estimated Cost

1 | All ponds Characterize stormwater systems near
ponds and, if the ponq is impaired, sample V.35 | 45 TBD
stormwater to ascertain actual phosphorus
contribution from runoff.

2 | Seymour Pondimpaired under state regs, town
should consider following steps to develop $2$6236000?o?gita
management plan and TMDL: col]ection and
a) road runoff and bird loads should be evaluated

: : updated assessme
with targeted data collection
b) collect and incubate sediment cores with VI.1. 50 TMDL/mgmt plan:
accompanying water quality data $10.000 o $12 OdC
C) update assessment in this report with Pond- ' '
specific information and develop a remedial plan lant survev:
d) consider rooted plant survey, including mapping, $8p000 o $1Oy'000
transects and species identification ' '

3 Canqe Pondimpalred under state regs, town should $22.000 to $25,000
consider following steps to develop management for data collection
plan and TMDL: and updated
a) road runoff and bird loads should be evaluated assessment

with targeted data collection
b) collect and incubate sediment cores with VI.2. 59

accompanying water quality data
c) update assessment in this report with Pond-
specific information and develop a remedial pla
d) consider rooted plant survey, including mappin

1g]
g,

transects and species identification

TMDL/mgmt plan:
$10,000 to $12,000

plant survey:
$7,000 to $9,000
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Table EX-1. Summary of Recommended Activities foBrewster Ponds

(cont’d)

Recommended Tasks

Section

Page
#

Estimated Cost

4

Blueberry Pond: Impaired under state regs, town

should consider following steps to develop

management plan and TMDL:

a) road runoff and bird loads should be evaluated
with targeted data collection

b) collect and incubate sediment cores with

$22,000 to $25,000

for data collection
and updated
assessment

accompanying water quality data VI.3. 67 ,
c) update assessment in this report with Pond- TMDL/mgmt plan:
P . . ) $10,000 to $12,000
specific information and develop a remedial plan
d) consider rooted plant survey, including mapping, .
. AR plant survey:
transects and species identification $7 000 to $9 000
e) review potential future impact of Ocean Edge ' ’
resort
5 | Walkers Pond:Not impaired under state regs, but No cost for
ecologically impaired, town should consider MassDEP submitta
following steps if choosing to remediate:
a) evaluations of road runoff and bird loads with $32,000 to $35,000
targeted data collection for data collection
b) collect and incubate sediment cores with and updated
accompanying water quality data Vi.4. 75 assessment

C) update assessment in this report with Pond-
specific information and develop a remedial pla

d) consider rooted plant survey, including mappin
transects and species identification

1y
g,

TMDL/mgmt plan:
$10,000 to $12,000

plant survey:
$8,000 to $10,000
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Table EX-1. Summary of Recommended Activities foBrewster Ponds

(cont'd)

Recommended Tasks

Section

Page
#

Estimated Cost

6

Upper Mill PondBorderline impaired under state

regs, but definitively ecologically impaired, town

submit report for review by MassDEP, town shou

consider following steps:

a) town submit report for review by MassDEP to
obtain feedback on compliance with state wate
quality regs

If remedial plan/TMDL required or town decides t

pursue remediation, the following steps are

recommended:

b) road runoff and bird loads should be evaluated
with targeted data collection

c) collect and incubate sediment cores with
accompanying water quality data

d) update assessment in this report with Pond-
specific information and develop a remedial pla

e) characterize the water and phosphorus flows fi
Canoe and Walkers Ponds and into Lower Mill
Pond

f) consider rooted plant survey, including mapping,

transects and species identification

d

VI.5.

N
om

83

No cost for
MassDEP submitta

$42,000 to $45,000

for data collection
and updated
assessment

TMDL/mgmt plan:
$10,000 to $12,000

plant survey:
$8,000 to $10,000

Lower Mill Pond:Borderline impaired under state
regs, but definitively ecologically impaired, town
submit report for review by MassDEP, town shou
consider following steps:

a) town submit report for review by MassDEP to
obtain feedback on compliance with state wate
quality regs

If remedial plan/TMDL required or town decides t

pursue remediation, the following steps are

recommended:

b) road runoff and bird loads should be evaluated
with targeted data collection

c) collect and incubate sediment cores with
accompanying water quality data

d) update assessment in this report with the Pong

specific information and develop a remedial plan

d

V1.6.

e) characterize the water and phosphorus flows ffrom

Upper Mill Pond

f) consider rooted plant survey, including mappin
transects and species identification

’g,

89

$41,000 to $44,000

for data collection
and updated
assessment

TMDL/mgmt plan:
$10,000 to $12,000

plant survey:
$7,000 to $9,000
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Table EX-1. Summary of Recommended Activities foBrewster Ponds

(cont'd)
. Page .
Recommended Tasks Section 4 Estimated Cost
8 | Pond Monitoring/Town-wide:
Continue monitoring all ponds that have available
data; reduce frequency to twice a year: once in
April to establish pre-summer water quality ~$6,700 + volunteet
conditions for that year and once in Vil | o4 time ($13,400
August/September to evaluate what are likely tolbe without PALS
the worst water quality conditions of the yearislt Snapshot)
further recommended that PALS Snapshot
sampling protocols continue to be used for both
sampling rounds.
9 | Detailed review of Other Ponds with extensive TBD
data: (depends on
Consider similar detailed reviews for the other 22 volunteer assistance,
ponds that have citizen collected water qualityadat availability of CCC
Completing these reviews will allow the town to GIS assistance, and
address town-wide water quality concernsina | VIIL.2 | 94 gathering of other
more comprehensive fashion, especially if these data, such as
reviews are completed prior to the completion of stormwater loads;
the Needs Assessment phase of the town-wide rough planning
Comprehensive Wastewater Assessment. amount of $3,000 tg
$5,000 per pond)
10 | Determine Requlatory Status for Six Detailed
Pond:
Consider filing this report to obtain TMDL
guidance and feedback from MassDEP during the
2010 round of the state’s integrated list preparat
(to satisfy federal requirements under Sections vina | os No cost

303d and 305b of the Clean Water Act). The
state’s response will provide the town with
guidance about how to approach remediation of
these ponds, as well as guidance on how similaj
conditions will be regarded in Brewster’s other

ponds.
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l. Introduction

The Town of Brewster has 76 ponds that collectiwagupy 2,028 acres (Eichner and
others, 2003). Of these ponds, 53 of them aree@ré@an one acre and 28 of them are greater
than ten acres. Over the course of the last tarsy®cal concerns about the water quality of
Brewster’s ponds have often become focused by blgams, fish kills, and concerns related to
the impacts from population growth.

These concerns reflect similar pond concerns tleabeing raised Cape-wide. In 2000, a
number of community partners, including the Capd Commission (CCC), the Community
Foundation of Cape Cod, the state Executive Offfidenvironmental Affairs, and the University
of Massachusetts Dartmouth School of Marine SciemceTechnology (SMAST), developed
the Pond and Lake Stewards (PALS) program to lespand to these concerns. Initial PALS
activities included the production of the Cape ®mhd and Lake Atlas (Eichner and others,
2003), a number of “Ponds in Peril” workshops whasad concerns and potential solutions
could be shared and discussed among all towns@ndteers, and participation of volunteers in
the National Secchi Dip-In using Secchi disks pded by the CCC to measure transparency in
their ponds. Volunteers who participated in thp-Ii wanted to know more about the water
quality in their ponds and, with SMAST’s offer aéé laboratory analysis of water samples, the
CCC, SMAST, and the towns created the first PAL§@EShot of pond water quality sampling in
2001.

Select towns, including Brewster, took the oppuaities presented by the annual PALS
Snapshots, which have continued from 2001 thro@§l82to create larger, more intensive
volunteer pond monitoring programs. Brewster’s itwing program has included getting
funding for laboratory analysis of water samplesining of volunteers, sampling throughout
select summers, and coordination through town.stHfile Brewster program uses the PALS
sampling protocol as guidance and has includeddhection of samples from 29 of the town’s
ponds (Figure I-1). Over the years, results frosmgampling program have been presented at a
number of Ponds in Peril workshops and meetingsobus town boards.

In 2005, Barnstable County asked the towns for @safs to use county services to help
address impacts from growth. A number of towneluiding Brewster, requested CCC
assistance to provide interpretation of voluntestected pond water quality data. The project
scope developed by Brewster and CCC staff fordfigt included an overall review and
interpretation of all volunteer-collected pond wajaality data, as well as detailed reviews,
including water and phosphorus budgets, of six paaflected by the Town. Staff from the
Coastal Systems Program at the University of Mdassetts Dartmouth School of Marine
Science and Technology (SMAST) are now working viliga CCC to complete this project.

With the assistance of a number of core town velers, all of the volunteer data was
compiled, organized, and reviewed by SMAST and @@tr resources staff. A preliminary
summary of this review was presented to town vaerd on May 4, 2006. Subsequent
consultation with town staff resulted in the follio ponds being selected for detailed review:
Upper Mill, Lower Mill, Walker, Blueberry, Seymouand Canoe (see Figure I-1). The
information presented below details the overalleevof the volunteer monitoring data,
followed by the detailed review of the selectedgmn
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Il. Pond Data Sources

During the initial 2001 PALS Snapshot, Brewsterwtéers collected data from 26
ponds. Field data was collected along with watelity samples that were analyzed by the
Coastal Systems Program Laboratory, School of M&gicience and Technology (SMAST),
University of Massachusetts Dartmouth. All subssdWPALS Snapshot samples have also been
analyzed at the SMAST lab. Pond samples colletienighout the summer have been analyzed
at the North Atlantic Coastal Laboratory at Capel Glational Seashore (CCNS).

PALS Snapshots were completed every year betwegh @&0d 2008 and all data except
for 2008 is included in the following analysis; B@ata was not available during the analysis
phase of this project. The PALS Snapshot collectindow is between August 15 and the end
of September and is designed to capture the watrwuality conditions. The PALS
Snapshots are supported by free laboratory analy@®sthe SMAST Coastal Systems
Analytical Facility Laboratory and are coordinatadconjunction with the Cape Cod
Commission. The PALS pond water sampling protaedis for a shallow (0.5 m) sample and
then generally a deep sample 1 m off the bottonalfqggonds of 9 m total depth or less; ponds
less than 1.5 m should have two samples from tifacicollected. Ponds that are deeper than 5
m will have a third sample collected at 3ine( 0.5 m, 3 m, and one meter off the bottom) and
ponds greater than 10 m will have a fourth samgplected at 9 mi., 0.5m, 3 m, 9 m, and
one meter off the bottom). Samples are collecsedl®le water, stored at@, and transferred
to the SMAST lab within 24 hours. Field samplirrggedures under the PALS Snapshot
protocol include water column profile measuremertdissolved oxygen and temperature, and
Secchi disk transparency.

Table 1I-1 shows the frequency of field data cdil@t in Brewster ponds between 2001
and 2007. The monthly counts in Table II-3 aresbasn the collection of temperature and
dissolved oxygen profiles. Collection of water lijfyasamples for later laboratory analysis
occurred in approximately half of field data cotiea dates. This data collected was used for
the initial overview of all the ponds that is disead in Section Ill. Data collected prior to this
period is included in the analyses of the pondsctetl for more detail review as discussed in
Section V.

Water quality samples were sent to either the SMASCCNS lab. The SMAST lab
analysis and sample handling procedures are desdritthe SMAST Coastal Systems
Analytical Facility Laboratory Quality AssuranceaRI(2003), which is approved by the
Massachusetts Department of Environmental Protectihese procedures, which are used for
all PALS Snapshot samples, include the followingapeeters: total nitrogen, total phosphorus,
chlorophyll-a, pH, and alkalinity. Detection limits for SMAS&Horatory analytes and field data
collection are listed in Table II-2.

In addition to the PALS Snapshots, the Brewsteumaers also benefited from
laboratory services provided by CCNS lab. The C@MSesults include analysis for the
following parameters: total nitrogen, total phospts, chlorophylla, nitrate-nitrogen,
ammonia-nitrogen, and ortho-phosphate. Laboraeryices through the CCNS were grant
funded and generally allowed monthly and bimong#aynpling during the summers of 2002 and
2003 and once or twice a year analyses for selgxirds during 2004 through 2007.



Table 1I-1. Field data collection frequency foreBister Ponds (2001-2007)

2001 2002 2003 2004 2005 2006 2007

POND Se |JIn| JI|Au| Se| Oc| Nof SUM|Ma| In| JI |Au| Se| Oc| Nof SUMJAp| Ma| In| JI | Au| Se| Oc| Nof SUMJAp| Ma| In| JI | Au| Se| Oc| Nof SUMIMa| In| JI [ Au| Se| Oc| Nof SUMIMa|Jn| JI [Au| Se| Ocj SUM 22%%1%
1]12]12]3 7 11)12)2)2]2]1 10 21112132 10 1 21211 6 0 11221 6 40

1 212]2 6 11]1]2)2]2}1 9 21111122 8 J1j2])2|2|2)2]|2 13p2f2]2|2]2]2 1291 1 2 51

1 11121311 7 11)12]2]2]|2 9 1 1 11121 5 0 1 1 24

112]12]2]2 8 12]|2|2|]2]2]1 11 112 2 S |ij1]2j2]2)1f1 op1f2]1]2]2 8 2 111 4 47

1J12]2]2]1 11 8 11)2]2|2]1}j2]1] 11 212|1j211]2]1] 11 212121211 9 f1j]1]1)1]1 511 1 2 47

1 J1]12]2]2 7 11)2)2)2]|]2]2 11 2]11]2]12]1 8 21311122 10 2]11]2]2 8 11 1 2 47

0 0 1 1 1 1 1 1 1 1 4

1 1 1 1 1 1 1 1 112 4 2]12]1 5 1j1f1]1]13 5 18
1J2)2]2)1)1j1y 9 Qp1j2f2)2]1}j2)1]11 2|2)1]8f1)2]1}) 12 21211 S pi1j1j1j1j1)1jip 791 1 2 47

0 3|12|1/2 8 1 1 2 ofJ1 1 0 11

1 4§2]218]1 8 1222221 11 2121222 10 112)]2)2]1 8 1 1§11 1 2 41

1 1 111)12]2]2]1 8 21111122 8 1 2 3 §2]2]1)1]1 7 11111 3 31

1J2)2]2]111 8 §2)2])1]2]1]1]1] 10 2]12)1]3]12]|2 12 212121011 9 g1]1)1j1]1)1j1p 731 1 2 49

1J12]2]2]1 7 12)12)2]2]1 9 2]12)1}3811]2 11 212121211 9 J1]1]1)1]1 511 1 2 44

1J12]2]2]1 7 12)12]2]1]1]1]1] 10 1111212121 9 1 211 4 112]1 4 1 1 36

! 1]12)12]2]2 8 12]2]1]1]2 8 1711 1 3 212111211 8 111111 4 1 1 33

! 1 112]2 512)2|2]2]2]1 11 1 1 1]12]1 4 oJ1 11111 4 26
! 1 1 1 1 1 1 1 211 111§ 5942 1 1 4 §1]112 1]1) 6 19
0 0 212111211 8 212]1]3]2 10 112]1 4 111)11]11] 4 26

1 118 4 J1)121212]2]1 10 21211121 8 101812J2]1 9 1121111 6 J1]1]2|8|2]1] 10 48

1 212]3 7 11)11)12)12]2]2 10 11312]2 8 1111822 9 212]12]2 8 11 1 2 45

1]12]2]3|2 9 2]12]12]|2 8 2|12]2]2 8 21112 5 212 211 7 J1]1]1 1113 5 43

# 1J12]2]2]1 7 12)2)2]2]1 1110 212|2)21]1]1] 11 1f2fj1f1}j1]1 7 J2]1]12)2]1 8 J1 1 2 46
1 21213 7 11)1]12)2]2]2 10 1]13812]2 8 1 3|12]2 8 1]138]12]2 8 0 42

1 2|12]2 6 122|311 ]2}1 11 21212122 10 112)3]12]1 9 1 141 1 2 40

1 0 1 1 1 1 0 0 0 3

$ 1 J2]1]2]1 6 11]12]2]2]|2 9 213|122 9 2]12)12012]1 9 0 0 34
%t | 1 2 2 2]1212])211 9 1j1]2)1f{1(f1 7 1121132 9 3[2]2 7 J1]1]1 1] 4 39
& 1 §2|2138|2 9 §2|38(1]2(2]1 11§112(212]1 8 213]2 2 9 J1]2|2]38]|2 1002(2]2[3]2 11 59

# of ponds

SUM = # of readings 261 15| 21| 24] 20] 2| 2§ 155§ 21| 22| 24| 26| 25| 18] 5§ 238] 1| 17|22]{21]25[ 23| 8] 3] 200] 2| 20]|18]24|25) 22 7| 1§ 197§ 11|15|20{19] 22| 5| 2§ 138§ 16| 9] 10]14]{ 17| 6] 86] 1040

Note: All monitoring dates based on field collectiof dissolved oxygen and temperature data. Nuwiiggonds sampled each
month is shown at the bottom of each column. T3@M” for each year shows the number of samplinghes/éor the listed pond
during that year, while the rightmost column shdlestotal number of events between 2001 and 20@bhg. About half of the
sampling runs led to the collection of water sarmbe laboratory analyses. Laboratory analysegwempleted by either the
Coastal Systems Program Laboratory, School of M&8icience and Technology (SMAST), University of Bashusetts Dartmouth
or the North Atlantic Coastal Laboratory at Capeal Glational Seashore (CCNS); PALS Snapshots wouldrgdly represent one or
two sampling runs in August and/or September ohegaar.



Table 1I-2. Field and laboratory reporting uniteladetection limits for data
collected for the Brewster Ponds under the PALSShats

Parameter Matrix | Reporting | Detection Measurement
) = Accuracy (+\-)
Units Limit Range
Field Measurements
Temperature Water °C 0.5°C +0.3°C -5t0 45
Dissolved + 0.3 mg/l or + 2% of
Water mg/I 0.5 reading, whichever is 0-20
Oxygen
greater
Secchi Disk .
Water Clarity Water meters NA 20 cm Disappearance

Laboratory Measurements —
School of Marine Science and Technology, UniversityMassachusetts Dartmouth

Alkalinity Water ggggj 0.5 80-120% Std. Value NA

Chlorophylla Water pg/l 0.05 80-120% Std. Value 0-145

Nitrogen, Total Water UM 0.05 80-120% Std. Value NA
Standard

pH Water Uniits NA 80-120% Std. Value 0-14

.'?Qt‘f,jphorus' Water | HM 0.1 80-120% Std. Value NA

Note: All laboratory measurement information fr@MAST Coastal Systems Analytical Facility Laborgtor
Quality Assurance Plan (January, 2003)

Regardless of the lab used, all data can be comganee sampling depths and field data
collection procedures generally followed PALS poatis. Laboratory methods used at the
CCNS lab are listed in Table 1I-3.

lll. Town-wide Water Quality Data

In order to complete the town-wide data review, S3TAand Commission staff
organized available monitoring data by pond andpdizugy depth. Since all sampling is based on
the PALS sampling protocol, sampling runs, regasliaf lab used, generally are sampled at the
same depth. Thus, a pond like Slough Pond thegipsoximately 6 m deep would have two
sampling stations/depths: a shallow samplingatadt 0.5 m and a deep sampling station that is
one meter off the bottom. The deepest stationthdefary due to slight changes in the sampling
location and fluctuations in the pond’s water leweit shallower stations are generally at depths
specified by the PALS protocol.

The following analysis of the data focuses on ayem@oncentrations between June
through September. Data outside of this periogshiel understanding how the ecosystems are
set prior to the primary period of ecosystem attior how they reset following this period, but
the summer season is the most ecological signifitae period. It is also the period when most
pond users would be likely to notice water quahtyile they spend recreational time in, on, or
around the ponds.



Table 11-3. Laboratory methods and detection knpibnd water samples analyzed
by the Cape Cod National Seashore lab.

Parameter Unit | Range MDL Method Matrix Ref
Lachat QC FIA+ 8000 Method #10-107-06-1-C | o Vf%tir)sss )
Dissolved Ammonium | pg/L| 4 to 400 4 (Diamond, D., & Switala, K., 9 October 2000 nry= PP A
. (field filtered and
Revision) s
acidified
waters
Dissolved Lachat QC FIA+ 8000 Method #31-115-01-1-G | (Salinity=0 to 35 ppt)
Orthophosphate Mg/L] 06210 3101 0.62 (Diamond, D., 30 December 1998 Revision) (field filtered and B
acidified
waters
Dissolved Lachat QC FIA+ 8000 Method #31-107-04-1-C | (Salinity=0 to 35 ppt)
Nitrate/Nitrite Mg/L| 1.68 10 700) 1.68 (Diamond, D., 27 June 2000 Revision) (field filtered and c
acidified
total phosphorus- Ll 110200 1 Lachat QC FIA+ 8000 Method #10-115-01-1-F waters D
persulfate digestions Mg (Diamond, D., 14 October 1994 Revision) (Salinity=0 to 35 ppt)
TP/TN-persulfate digestions (simultaneous
waters
Total phosphorus pg/L] 0.62 to 310] 0.62 | Lachat QC FIA+ 8000 Method #31-115-01-1-G (Salinity=0 to 35 ppt) E
Total nitrogen pg/L] 1.68 to 700| 1.68 | Lachat QC FIA+ 8000 Method #31-107-04-1-C
Particulate n CarloErba CHNS Elemental Analyzer (Beach, waters F
Carbon/Nitrogen H9 R., MERL Manual, 1986)
Chlorophyll-a & 90% Acetone Extraction (Godfrey, P., et al.
Pheopigments Ho/L 1999) waters G

References

A. US EPA, Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Revised March 1983, Method 350.1

B. Murphy, J. and J.P. Riley. 1962. A Modified Single Solution Method for the Determination of Phosphate in Natural Waters.
Anal. Chim. Acta., 27: 31-36.

C. Zimmerman, C.F. et al., EPA Method 353.4, Determination of Nitrate+Nitrite in estuarine and Coastal Waters by Automated
Colorimetric Analysis in An Interim Manual of Methods for the Determination of Nutrients in Estuarine and Coastal Waters.,
Revision 1.1, June 1991.

D. US EPA, Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Revised March 1983, Method 365.1

E. Valderrama. 1981. The Simultaneous Analysis of Total Nitrogen and Total Phosphorus in Natural Waters. Marine
Chemistry, 10:109-122.

F. Beach. 1986. Total Carbon and Nitrogen in Filtered Particulate Matter. Manual of Biological and Geochemical Techniques
in Coastal Areas, MERL Series, Report No. 1, University of Rhode Island, Kingston, R.I.

G. Godfrey, P.J. and P. Kerr. 1999. A new method of preserving Chlorophyll on Glass Fiber Filters for use by Professional
Lake Managers and Volunteer Monitors. Submitted to Lake and Reserv. Manage. UMASS-Amherst, Massachusetts Water
Resources Research Center/

Note: Information provided by Krista Lee, CCNSrgmal communication, 2002). MDL =
method detection limit.



lll.1. Field Collected Water Quality Data
l11.1.1 Dissolved Oxygen and Temperature

Pond and lake ecosystems are controlled by iniereecamong the physical, chemical,
and biological factors within a given lake. Theability of oxygen determines distributions of
various species living within a lake; some speogeglire higher concentrations, while others are
more tolerant of occasional low oxygen concentratioOxygen concentrations also determine
the solubility of many inorganic elements; highencentrations of phosphorus, nitrogen, and
iron, among other constituents, can occur in trepdeportions of ponds when anoxic conditions
convert bound, solid forms in the sediments infalse forms that are then released into the
water column. Temperature is inversely relatedissolved oxygen concentration®( higher
temperature water holds less dissolved oxygen).

Oxygen concentrations are also related to the atrafunological activity in a pond.
Since one of the main byproducts of photosynthesisygen, a vigorous algal population can
produce DO concentrations that are greater thandheentrations that would be expected based
simply on temperature interactions alone. Thestirces of “supersaturation” usually occur in
lakes with high nutrient concentrations, sincedlyal population would need readily available
nutrients in order to produce these conditionsnwecsely, as the algal populations die, they fall
to the sediments where bacterial populations coesaxggen as they degrade the dead algae.
Too much algal growth can thus lead to anoxic ootk and the release of recycled nutrients
back into the pond from the sediments potentigfding to more algal growth.

Shallow Cape Cod ponds, which are generally ddfasless than 9 meters (29.5 ft)
deep, tend to have well mixed water columns becardieary winds blowing across the Cape
have sufficient energy to circulate water withipand and move deeper waters up to the surface.
In these ponds, both temperature and dissolvedamxyeadings tend to be relatively constant
from surface to bottom.

In deeper Cape Cod ponds, mixing of the water coltends to occur throughout the
winter, but rising temperatures in the spring hgader waters more rapidly than winds can mix
the heat throughout the water column. This leadgratification of the water column with
warmer, upper waters continuing to be mixed andmwearthroughout the summer and the
isolation of cooler, deeper waters. The upperrlgg/ealled the epilimnion, while the lower layer
is called the hypolimnion; the transitional zonénmen them is called the metalimnion. Among
Brewster’s ponds, Long, Higgins, Cliff, Flax, andegp are deep enough to have these layers.

Once the lower layer in a stratified pond is cutfaim the atmosphere by the
epilimnion, there is no mechanism to replenish @ygonsumed by sediment bacterial
populations. These populations respire (consunygaexand produce carbon dioxide) as they
consume organic matteg.(j, algae/phytoplankton, fish) that has sunk to thigédon. If there is
extensive organic matter falling to the sedimeasspne would expect with lakes with higher
amounts of nutrients, the bacterial respiration @@amsume all of the oxygen before the lake
mixes throughout the water column again in the fall five of the deepest Brewster ponds have
low oxygen or anoxic conditions in their deepegeta



State surface water regulations (314 CMR 4) havearic standards for dissolved
oxygen and temperature, as well as pH. Under tteggdations, ponds that are not drinking
water supplies are required to have a dissolved@xygoncentration of not less than 6.0 mg/l (or
ppm) in cold water fisherieg g, Long) and not less than 5.0 mg/l (or ppm) in wavrater fisheries
(e.g, Canoe). These regulations also require thateesmre not exceed §8(20C) in cold-water
fisheries or 8% (28.3C) in warm water fisheries.

Any waters failing to meet the numeric standardhestate surface water regulations
are defined as “impaired” for the purposes of fatl®ean Water Act compliance and all
impaired waters are required by the Act to havet@Maximum Daily Load (TMDL)
established for the contaminant that is creatiegitipairment. TMDLs usually are expressed as
a concentration limit or threshold. Under the Gl¥dater Act, states are required to create
implementation plans to meet TMDLs; MassachuseB® [Quidance to date has focused on
having community-based comprehensive wastewateagament plans include provisions to
ensure that waters meet TMDLSs.

The occurrence of dissolved oxygen concentratiess than the Massachusetts surface
water regulatory thresholds can have profound ingpawe fish and other animals in a pond
ecosystem if they occur even once. Studies offftgbulations have shown decreased diversity,
totals, fecundity, and survival at low dissolved/gen concentration®(g, Killgore and Hoover,
2001; Fontenot and others, 2001, Thurston and tté81; Elliot, 2000). Dissolved oxygen
concentrations of less than 1 ppm are generaliyalgeven on a temporary basis, for most
species (Wetzel, 1983; Matthews and Berg, 1997).

Dissolved oxygen and temperature concentrationtharenost extensive dataset
collected by volunteers for the Brewster pondsad®egs were generally collected following the
PALS protocol with an initial reading at a depthOo® meter and then 1 m increments below that
(e.g,0.5m,1m, 2m, etc.). For the town-wide ovewiof all data collected, staff reviewed
dissolved oxygen concentrations at depths spediiyeithe PALS protocol. For the ponds
selected for more refined review, dissolved oxygencentrations are brought into greater
context by considering their relations to other itanng data (see Section V).

Among the 29 ponds in Brewster with volunteer datiected for the town-wide
overview, there are 278 station depths. Therealtectively over 7,000 dissolved oxygen
concentration reading measured at these statiangée 2001 and 2007. The number of
readings per station depth varies between 3 ar{di@llow stations at Smith and Walker,
respectively). Based on an initial review, ClFfax, Higgins, Long, and Sheep would be
classified as definitive cold water fisheries, vehIbow, Little Cliff, Myricks, and Seymour
have average summer temperatures that could neestate regulatory definitions for cold water
fisheries. The rest of the ponds would be consmll@rarm water fisheries.

Among the 21 ponds less than nine meters (~3@&é&pdreferred to here as “shallow
ponds”, 17 have at least one station that has arage dissolved oxygen concentration less than
the state warm water regulatory standard of 5 p@ahoon, Greenland, Smith and Walker are
the ponds that have average dissolved oxygen ctiatiens greater than 5 ppm at all depths.



Forty of the 133 depth stations (30%) in these pdral/e average concentrations less that the
state dissolved oxygen regulatory standard (Fig®.

Seven of the eight ponds greater than nine meesg, deferred to here as “deep ponds”,
have at least one station that fails to meet e segulatory standard for dissolved oxygen
(Figure 11I-2). Little Cliff is the only pond otis group that meets the state dissolved oxygen
standards. Of the 145 depth stations in thesd pwids, 60 (41%) have average dissolved
oxygen concentrations less than the state regylatandard of 6 ppm.

Project staff also identified stations where digedloxygen concentrations of 1 ppm or
less had been measured. Concentrations of 1 ppesare generally lethal to fish. Among the
21 shallow ponds, 10 depth stations in seven pbads average dissolved oxygen
concentrations less than 1 ppm (see Figure llIAhong the eight deep ponds, 15 depth stations
in four ponds have average dissolved oxygen coraigms less than 1 ppm (see Figure 1lI-2).
The correspondence between average concentrasiting to meet state regulatory standards
and the occurrence of anoxic conditions is faititpisg; of the 96 depth stations in Brewster
ponds that have average dissolved oxygen concemsdess than the state regulatory standards,
all but four also have dissolved oxygen minimassislithan 1 ppm (see Figures IlI-1 and 111-2).
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Figure Ill-1a. Average DO Concentrations in shalBrewster Ponds 2001-2007 (Black to Girl Scout)

Source dissolved oxygen data is field measurenuatiescted by Brewster volunteers. Pond names Haeépths in meters at which
readings were collected.@, “Black0.5” is Black Pond readings collected & ). Error bars show one standard deviation; all
averages are corrected for outlieks>fwo standard deviations). The State Dissolvegger threshold for the warm-water ponds
shown in this figure is 5 milligrams per liter abdolved oxygen (314 CMR 4). Bars indicating agerdissolved oxygen

concentrations less than the state threshold doeecbyellow, while stations with an average coriion less than 1 ppm, which is
generally considered anoxic and lethal to fish,calered red.
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Figure IlI-1b. Average DO Concentrations in shalBrewster Ponds 2001-2007 (Greenland to Pine)
Source dissolved oxygen data is field measureneatiescted by Brewster volunteers. Pond names Haveepths in meters at which
readings were collected.@, “Pine0.5” is Pine Pond readings collected at@)5Error bars show one standard deviation; altayes
are corrected for outliers ¢two standard deviations). The State Dissolvegger threshold for shallow, warm-water ponds is 5
milligrams per liter of dissolved oxygen (314 CMR 4Bars indicating average dissolved oxygen cotmagans less than the state

threshold are colored yellow, while stations withaawerage concentration less than 1 ppm, whickngglly considered anoxic and
lethal to fish, are colored red.
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Figure Ill-1c. Average DO Concentrations in shalBrewster Ponds 2001-2007 (Schoolhouse to Walker)
Source dissolved oxygen data is field measurenuatiescted by Brewster volunteers. Pond names Haeépths in meters at which
readings were collected.@, “Slough0.5” is Slough Pond readings collecte@.&tm). Error bars show one standard deviation; all
averages are corrected for outlieks>fwo standard deviations). The State Dissolvegger threshold for shallow, warm-water
ponds is 5 milligrams per liter of dissolved oxyd8t4 CMR 4). Bars indicating average dissolveggex concentrations less than

the state threshold are colored yellow, while stegiwith an average concentration less than 1 pgrich is generally considered
anoxic and lethal to fish, are colored red.
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| Figure Ill-2a. Average DO Concentrations in deegvster Ponds 2001-2007 (Cliff to Higgins)
Source dissolved oxygen data is field measurenuatiescted by Brewster volunteers. Pond names Haeépths in meters at which
readings were collected.@, “Flax0.5” is Flax Pond readings collected at®p Error bars show one standard deviation; all
averages are corrected for outlieks>fwo standard deviations). The State Dissolveggen threshold for deep, cold-water ponds is
6 milligrams per liter of dissolved oxygen (314 CMIRR Bars indicating average DO concentrations tbean the state threshold are
colored yellow, while stations with an average @rication less than 1 ppm, which is generally atergid anoxic and lethal to fish,
are colored red. The general number of readingd tesdetermine the averages in each pond are sh®approximate counts (e.g.,
“n~32"); the number of readings at each statiogeiserally within 1 or 2 readings of this count.
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| Figure Ill-2b. Average DO Concentrations in deepvister Ponds 2001-2007 (Little Cliff to Sheep)
Source dissolved oxygen data is field measurenuatiescted by Brewster volunteers. Pond names Haveépths in meters at which
readings were collecteé.@, “Long0.5” is Long Pond readings collected at @b Error bars show one standard deviation; all
averages are corrected for outlietks>fwo standard deviations). The State Dissolvegger threshold for deep, cold-water ponds is
6 milligrams per liter of dissolved oxygen (314 CMIR Bars indicating average DO concentrations tbean the state threshold are
colored yellow, while stations with an average @rication less than 1 ppm, which is generally atergid anoxic and lethal to fish,
are colored red. The general number of readingd tesdetermine the averages in each pond are sh®approximate counts (e.g.,
“n~32"); the number of readings at each statiogeiserally within 1 or 2 readings of this count.
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[11.1.2 Secchi Depth

A Secchi disc is an eight-inch disk with black awitite quadrants that is slowly lowered
into a pond to record how deep it can be seenptysh is often referred to a “Secchi reading”
and is sometimes referred to as water transpam@ncharity. Because plankton or inorganic
particle concentrations reduce clarity, Secchi iregglare related to the amount of nutrients and
are a good general measure of ecosystem condienchi readings have been linked through a
variety of analyses to trophic status or nutrienels of lakesd.g, Carlson, 1977). Although
there is no state regulatory standard for Secghiihestate regulations do have a clarity limit of 4
feet for safe swimming conditions (105 CMR 435).

Care should be taken when interpreting Secchi ngadn shallow ponds, such as the
majority of pond on the Cape, because the disk Ineayisible on the bottom in such ponds even
if they have significant algal densities. Thisuisss addressed by determining relative Secchi
readings. Relative Secchi readings compare thehdepth to total depth and allow clarity to
be compared in ponds of different depths.

In Brewster, Secchi readings were generally calegtty volunteers each time dissolved
oxygen and temperature readings were collecte@ nlimber of Secchi readings in Brewster
ponds ranged between 3 (Eel and Smith) and 47 @walk the 2001 to 2007 dataset. As shown
in Figure 11I-3, all the ponds except for Girl S¢@nd Walker have average Secchi readings that
meet the state safe swimming clarity limit of 4tfeBased on the available dataset, Girl Scout is
9.1 feet deep and Walker is 7.7 feet deep. Eidditi@nal ponds have at least one readirg, (
minimum reading) less than 4 feet.

Average relative readings varied between 16% (CGiifid 79% (Little CIiff). In CIiff,
this means that although it is the deepest of ttesvBter ponds at 26 m, on average its water is
only clear enough to see a Secchi disc at 4.2 mth® other extreme, 6.7 m of Little Cliff's 8.9
m depth is clear enough to see a Secchi disc.
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Figure 1lI-3. Average Secchi Transparency Readindgrewster Ponds 2001-2007

Source data is field measurements collected by 8eswolunteers using a standard Secchi disk. Bas show one standard
deviation; all values are corrected for outliers>fwo standard deviations). Numbers shown neab#ise of each bar indicate the
number of Secchi readings used to calculate theages. Ponds with red bars have average Secdhisdiyat are less than the state
safe swimming clarity limit of four feet (105 CMR38), while ponds with yellow bars have minimum melgal readings that are less
than the four foot limit. Relative Secchi deptim ¢e observed by comparing the average Secchingstb the total depths.
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[1l.2 Laboratory Water Quality Data

As mentioned above, water samples were collectéteiponds at depths generally
specified by the PALS Snapshot protocol. The PA&In&pshot protocol specifies a 0.5 m
sampling depth in all ponds and a deep samplinthddpm off the bottom) for any pond greater
than 2 m deep. Additional sampling depths of 3neh @ m are added as the depth of the pond
increases. This protocol anticipates that theogilshbe some variability in the sampling depth,
especially the deepest station, because of fluonstn the water table/surface of the pond.

Water samples were generally analyzed at the Sdiddarine Science and Technology
(SMAST) Coastal Systems Analytical Facility Laborgt University of Massachusetts
Dartmouth or at the North Atlantic Coastal Laborgtat Cape Cod National Seashore. Data
reviewed below is based on 2001 through 2007 diatia; from pre-2001 samples, which are
discussed for the ponds selected for detailed wewised a variety of sampling protocols and
labs. Review of water quality laboratory resutisused on the following constituents: pH, total
nitrogen (TN), total phosphorus (TP), alkalinitpdachlorophylla.

[11.2.1 Total Phosphorus (TP)

Phosphorus is the key nutrient in ponds and lakeause it is usually more limited in
freshwater systems than nitrogen, which is alsoiatdor growth. Typical plant organic matter
contains phosphorous, nitrogen, and carbon ini@o&tl P: 7 N: 40 C per 500 wet weight
(Wetzel, 1983). Therefore, if the other constitseare present in excess, phosphorus, as the
limiting nutrient, can theoretically produce 50@é&s its weight in algae or phytoplankton.
Because it is more limited in freshwater syster®8p @r more of the phosphorus is bound in
organic forms (plant and animal tissue or theirteés)sand any available inorganic phosphorus
[mostly orthophosphate (R®)] is quickly reused by the biota in a lake (WetZ&£183).

Extensive research has been directed towards ttgidgtermine the most important phosphorus
pool for determining the overall productivity oklaecosystems, but to date, most of the work
has found that a measure of total phosphorus @i best predictor of productivity of lake
ecosystemse(g, Vollenweider, 1968). The laboratory analysisteques for TP provide a
measure of all phosphorus in a water sample, imojudrtho-phosphorus and all phosphorus
incorporated into organic matter, including alg&H.course, water samples do not account for
phosphorus bound in rooted aquatic plants, buttémds to be a very small component of pond
plant communities in Cape Cod lakes; Cape pond plammunities tend to be algal-dominated.

Most Cape Cod lakes have relatively low phosphoameentrations due to the lack of
phosphorus in the surrounding glacially-deriveddsamost of the phosphorus in Cape Cod
ponds is due to additions from the watershed agemeration of past watershed additions from
the pond sediments. Since phosphorus moves vamysin sandy aquifers (0.01-0.02 ft/d;
Robertson, 2008), most of the sources of phosphartesing Cape Cod ponds is from properties
abutting the pond shoreline. Previous analysphaisphorus loading to Cape Cod ponds have
focused on properties within 250 to 300 ft of thergline €.g, Eichner and others, 2006;
Eichner, 2007; Eichner, 2008).

The median surface concentration of TP in 175 @&k ponds sampled during the 2001
Pond and Lake Stewards (PALS) Snapshot is 16 ppbgit) (Eichner and others, 2003). Using
the US Environmental Protection Agency (2000) métfus determining a nutrient threshold
criteria and the 2001 PALS Snapshot data, the CaygeCommission determined that “healthy”
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pond ecosystems on Cape Cod should have a surRacenicentration no higher than 10 ppb,
while “unimpacted” ponds should have a surface dcentration no higher than 7.5 ppb
(Eichner and others, 2003). Use of this EPA methagbests that healthy freshwater pond
ecosystems on Cape Cod should have average TPnt@tmns no higher than 7.5 to 10 ppb.

Average surface TP concentrations in 18 of the &9vBter ponds exceed the 10 ppb TP
regional limit; only five of the surface stationave an average concentration less than 7.5 ppb
(Figure 1lI-4). Among the deepest ponds, all bahg and Seymour have surface concentrations
below 10 ppb.

Overall, average TP concentrations among the 7&®8ex water quality sampling depths
range between 4.1 ppb (3 m station in Higgins) B9®19 ppb (deep station in Owl). CIiff,
Elbow, Flax and Long have deep average concentisaBdo 13 times higher than surface
concentrations; this indicates sediment regeneratigphosphorus. On the other extreme,
Higgins and Little Cliff have average deep concatndns that are approximately the same as
average surface concentrations. Overall, amor2Pgtionds, 49 of the 72 sampling stations
(68%) have average TP concentrations exceedingphi0 p

[11.2.2 Total Nitrogen (TN)

Nitrogen is one of the primary nutrients that promlant growth in surface water
systems (phosphorus and potassium being the otgr Nitrogen switches between a number
of chemical species (nitrate, nitrite, ammoniuntragen gas, and organic nitrogen) depending
on a number of factors, including dissolved oxyga, and biological uptake (Stumm and
Morgan, 1981). Nitrate-nitrogen is the fully oxadd form of nitrogen, while ammonium-
nitrogen is the fully reduced&., low oxygen) form. Inorganic nitrogen generahters Cape
Cod ponds from the surrounding aquifer in the ttr@atrogen form, is incorporated into pond
phytoplankton forming organic nitrogen, and thenaaverted back to inorganic forms (nitrate-
and ammonium-nitrogen) and released back into ¢inel in wastes from organisms higher up
the food chain or by bacteria decomposing deacedlgthe sediments. Total Kjeldahl nitrogen
(TKN) is a combined measure of organic nitrogen amenonium forms. Total nitrogen (TN) is
generally reported as the addition of TKN and téiaitrogen concentrations.

Nitrogen is not usually the nutrient that limit©gith in ponds, but ecosystem changes
during the course of a year or excessive phospHoadls can create conditions where it is the
limiting nutrient. In very productive or eutropHakes, where phosphorus is readily abundant,
blue-green algae that can extract nitrogen dirdotiy the atmosphere, which is approximately
75% nitrogen gas, often have a strong competitilvaatage and tend to dominate the pond
ecosystem. These algae, more technically knovayasophytes, are generally indicators of
excessive nutrient loads.

Nitrogen is a primary pollutant associated with tsagter. Septic systems, the
predominant wastewater treatment technology on Caypk generally introduce treated effluent
to the groundwater with nitrogen concentrationsveen 20 and 40 ppm: Massachusetts
Estuaries Project watershed nitrogen loading aralyse 26.25 ppm as an effective TN
concentration for septic system wastewageg.,(Howes and others, 2004). Nitrogen also tends
to move rapidly through the aquifer system, tranvglin its fully oxidized nitrate form with
groundwater at average rate of a foot per day.
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Figure llI-4a. Average Total Phosphorus Concerunatin Brewster Ponds 2001-2007 (Black to Long)

| Total phosphorus averages are based on pond digeted between June and September. Pond nameghwstation depths in
meters €.g, “Black0.5” is Black Pond readings collected & ). Error bars show one standard deviation;\atages are corrected
for outliers ¢ >two standard deviations). Bars colored red leaneage concentrations greater than the Cape Caokré$hold for
healthy pond ecosystems (10 pg per liter of TP fEaomner and others, 2003).
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Figure llI-4b. Average Total Phosphorus Conceitreatin Brewster Ponds 2001-2007 (Lower Mill to Rél)

| Total phosphorus averages are based on pond digeted between June and September. Pond nameghwstation depths in
meters €.g, “Black0.5” is Black Pond readings collected & ). Error bars show one standard deviation;\atages are corrected
for outliers ¢ >two standard deviations). Bars colored red leaneage concentrations greater than the Cape Caolré$hold for
healthy pond ecosystems (10 micrograms (ug) pardit TP from Eichner and others, 2003).
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Because of these chemical and hydrologic charatitesj Cape Cod ponds and lakes tend
to have relatively high concentrations of nitrogtte 184 ponds sampled during the 2001 PALS
Snapshot had an average surface water TN condentdt0.58 ppm. Review of these
sampling results established that unimpacted CagepGnds have concentration limit of 0.16
ppm, while the “healthy” threshold concentratio®i81 ppm (Eichner and others, 2003).

Average surface concentrations in 20 of the 29 Btemponds exceed the 0.31 ppm
threshold (Figure 111-5). None of the station dephave an average concentration less than the
0.16-ppm TN “unimpacted” threshold. Average TN @amtrations across all 72 depth stations
range between 0.17 ppm (surface in Higgins) angfrd (deep station in Long). The number
of surface TN samples range between 2 (Eel) andld®y). Among the deepest ponds,
Elbow, Long and Seymour have average surface TNerdrations higher than 0.31 ppm. Flax
and Long have deep average concentrations morditieatimes higher than surface
concentrations, which indicate sediment regenaraifgohosphorus. On the other extreme,
Higgins, Little Cliff, and Sheep have average deepcentrations that are only slightly greater
(1.3 to 1.5 times) than surface concentrationser@li; average concentrations at 49 of the 72
station depths (68%) exceed the “healthy” 0.31-gprlimit.

[11.2.3 Alkalinity and pH

pH is a measure of acidity; pH values less thare7aaidic, while pH values greater than
7 are basic. pH is the negative log of the hydnage concentration in watee.q, water with
an H concentration = 186° has a pH of 6.5). The general pH of rainwateeduailibrium with
carbon dioxide in the atmosphere, is 5.65, so bufjeof waters to reach more neutral pH
generally occurs within ecosystems. One of themhtvays this occurs is through
photosynthesis; when aquatic plants photosynthéiseaetake carbon dioxide and hydrogen ions
out of the water causing pH to increase. This re¢lhat ponds with more photosynthesis,
usually the ones that are more productive and higbeient loads, will tend to have higher pH
measurements. Alkalinity is a measure of the camgs that shift pH toward more basic,
higher values and is mostly determined by the catnagons of bicarbonate, carbonates, and
hydroxides (Stumm and Morgan, 1981). Alkalinityalso a measure of the capacity of waters to
buffer acidic inputs. Because pH and alkalinity eafluenced by shared constituents, they are
linked values.

Since the sandy soils that make up most of CapedBotbt have extensive carbonate
minerals, Cape soils generally have low alkaliaity little capacity to buffer the naturally acidic
rainwater that falls on the Cape. Groundwater dali@cted throughout the Cape generally
shows pH between 6 and 6.5; Frimpter and Gay (188%pled groundwater from 202 wells on
Cape Cod and found a median pH of 6.1. As mighexpected because of their interconnection
with the surrounding aquifer, Cape Cod ponds terttave pH readings close to the groundwater
average, while ponds least impacted by developimerg pH close to average rain pH of 5.65.
The average surface pH of 193 ponds sampled i8a@@& PALS Snapshot is 6.16 with a range
of 4.38 to 8.92, while the average alkalinity i2I7mg/L as CaC@with a range of 0 to 92.1
(Eichner and others, 2003). The lowel"2®&rcentile among pH readings from the 2001
Snapshot, or the least impacted ponds, is 5.62.
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Figure IlI-5a. Average Total Nitrogen Concentragan Brewster Ponds 2001-2007 (Black to Long)

Total nitrogen averages are based on pond databetdune and September. Pond names have the oteptéters at which

readings were collected.@, “Black0.5” is Black Pond readings collected & ). Error bars show one standard deviation; all
averages are corrected for outlieks>fwo standard deviations). Bars colored red lsansgage concentrations greater than the Cape
Cod TN threshold for healthy pond ecosystems (hBligrams (mg) per liter of TN from Eichner andchets, 2003).
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Figure IlI-5b. Average Total Nitrogen Concentrasan Brewster Ponds 2001-2007 (Lower Mill to Wa)ke

Total nitrogen averages are based on pond databetdune and September. Pond names have the oteptéters at which

readings were collected.@, “Black0.5” is Black Pond readings collected & ). Error bars show one standard deviation; all
averages are corrected for outlieks>fwo standard deviations). Bars colored red lsansgage concentrations greater than the Cape
Cod TN threshold for healthy pond ecosystems (fhBligrams (mg) per liter of TN from Eichner anchets, 2003).
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Average surface pH readings in 23 of the 29 Bremwstnds exceed 5.62. Since pH
readings tended to only be measured in samplens takbe SMAST lab during the PALS
Snapshots, the number of readings tend to be sntiadle readings reported for other water
quality constituents; the number of surface pH igaglamong the ponds range from 1 (Girl
Scout, both stations) to 7 (numerous stations)erAge pH readings among all 71 Brewster pond
depth stations range between 5.16 (shallow statiétine) and 6.79 (the shallow station in
Canoe) (Figure 111-6). Overall 57 of the 71 staBq80%) have pH averages exceeding 5.62.

[11.2.4 Chlorophylla (CHL-a)

Chlorophyll is a family of the primary photosyntiogpigments in plants, both
phytoplankton or algae and macrophytes,(any aquatic plants larger than microscopic algae,
including rooted aquatic plants). Because of itssalence, measurement of chlorophyll can be
used to estimate how many planktonic algae, otifiganicroscopic plants, are present in
collected pond water samples. ChloroplaCHL-a) is a specific pigment in the chlorophyll
family and plays a primary role in photosynthesiSEPA, 2000).

Because phosphorus, the limiting nutrient in magbe€CCod ponds, is needed for growth
by both algae and macrophytes, the available pluwaplpool can be divided unequally between
these two groups of plants. Because of this miatiip, the relationship between chloroplayll
and phosphorus measurements can sometimes baystigkéw, especially in ponds where the
dominant plant community is macrophytes. Anecdev@ence from Cape Cod ponds with
undeveloped land around them suggests that “nategde ponds are algal dominated and,
therefore, should have a strong relationship betveborophylla and total phosphorus
concentrations. Cape ponds, such as Long in Gellgewhere extensive rooted macrophyte
growth exists (IEP and KVA, 1989), appear to begfmuct of excessive nutrient loads and
largely unrepresentative of the ecology in mosteO@pd ponds.

During the 2001 PALS Snapshot sampling, 191 porele wampled and had surface
CHL-a concentrations determined. The average carateon of these samples is 8.44 ppb with
a range from 0.01 to 102.9 ppb. Using the US Emwirental Protection Agency (2000) method
for determining nutrient threshold criteria and B¥eLS 2001 sampling results, Eichner and
others (2003) determined that unimpacted Cape ©adghave a CHL-a threshold
concentration of 1.0 ppb and “healthy” Cape Coddsomould have a threshold concentration of
1.7 ppb.

Average surface concentrations in all but threenBter ponds (Flax, Higgins, and
Sheep) exceed the “healthy” threshold concentraifdn7 ppb. None of the surface stations are
less than the 1.0 ppb unimpacted threshold. Antlb@d@1 Brewster pond depth stations, with
chlorophyll-a concentrations, including both sugand deep stations, average concentrations
range between 0.6 ppb (deep station in Higgins)1&3d1 ppb (deep station in Myricks) (Figure
[1I-7). The number of surface CHL-a samples amalhthe ponds range from one (Girl Scout)
to 11 (Higgins). Overall 59 of 71 depth statio83%) have average CHL-a concentrations
greater than the Cape Cod-specific 1.7 ug/l “hgalireshold concentration.
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Figure IlI-6a. Average pH in Brewster Ponds 20002 (Black to Long)

Average pH readings based on pond data betweerahan8eptember. Pond names have the depths irsmaetghich readings were
collected (e.g., “Black0.5” is Black Pond readimgdlected at 0.5 m). Error bars show one standavihtion; all averages are
corrected for outliers{ >two standard deviations). Bars colored greerelzaserage readings above 5.62, which is the esttmat
“healthy” pH for Cape Cod ponds (Eichner and oth2@93) and approximates the natural pH of rainwate
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Figure IlI-6b. Average pH in Brewster Ponds 20@0-2 (Lower Mill to Walker)

Average pH readings based on pond data betweerahdn8eptember. Pond names have the depths irsmaetghich readings were
collected (e.g., “Black0.5” is Black Pond reading#lected at 0.5 m). Error bars show one standaviation; all averages are
corrected for outliers{ >two standard deviations). Bars colored greerelzaserage readings above 5.62, which is the esttmat
“healthy” pH for Cape Cod ponds (Eichner and oth2@93) and approximates the natural pH of rainwate
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Figure IlI-7a. Average Chlorophyll-a Concentragan Brewster Ponds 2001-2007 (Black to Long)
Chlorophylla averages are based on pond data between JuneptednBer. Pond names have the depths in metetsdt readings
were collectedd.g, “Black0.5” is Black Pond average of readingsectiéd at 0.5 m). Error bars show maximum and mimmu

recorded concentrations; all values are corrededdtliers (=two standard deviations). Error bars show onedstahdeviation; all
averages are corrected for outlieks>fwo standard deviations). Bars colored red leaxgzage concentrations greater than the Cape

Cod chlorophyll-a threshold for healthy pond ecteays (1.7 micrograms (ug) per liter of chloroptayftom Eichner and others,
2003). Scale on the y-axis is adjusted to bettewsdetail.
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Figure IlI-7b. Average Chlorophy#-Concentrations in Brewster Ponds 2001-2007 (Ldviéito Walker)
Chlorophylla averages are based on pond data between JuneptednBer. Pond names have the depths in metetsdt readings
were collectedd.g, “Black0.5” is Black Pond average of readingsectiéd at 0.5 m). Error bars show maximum and mimmu
recorded concentrations; all values are corrededdtliers (=two standard deviations). Error bars show onedstahdeviation; all
averages are corrected for outlieks>fwo standard deviations). Bars colored red leaxgzage concentrations greater than the Cape
Cod chlorophyll-a threshold for healthy pond ecteays (1.7 micrograms (ug) per liter of chloroptayftom Eichner and others,
2003). Scale on the y-axis is adjusted to beltewsdetail.
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IV. Water Quality Town-wide Overview
IV.1 Trophic Status

The trophic status of a surface water body is gdlyepased on the amount of biomass
(or more generally “life”) that is contained in ttedke or pond and a trophic index is a way to
organize and rank those biomass amounts. Deve@pirophic index usually incorporates an
understanding of the regional geologic or climagtiisg, including what constitutes a “healthy”
pond, and some proxy measure or measures of theab® One of the better known pond
trophic classification strategies was develope€hsison (1977) based largely on data from
Wisconsin and Minnesota lakes. Carlson’s strateglys at algal biomass and relates it to
separate measures of total phosphorus, chlorophghid Secchi disk depth. Carlson designed
the system to utilize one or another of the meastrelassify the trophic state index (TSI) of a
pond or lake on a scale of 0 to 100 (Carlson angpSon, 1996). The equations for producing
the various TSI values and the likely ecosystenaattaristics are presented in Table IV-1.

Table IV-1. Carlson Trophic State Index (TSI)

TSI Calculations

TSI(SD) =60 - 14.41 In(SD) SD = Secchi disk defptieters)

TSI(CHL) =9.81 In(CHL) + 30.6 CHL = Chlorophyll@ncentration (ug/L)
TSI(TP) = 14.42 In(TP) + 4.15 TP = Total phospharascentration (ug/L)

TSI values and likely pond attributes

TSI Chla |SD TP Attributes Fisheries & Recreation
Values | (ug/L) | (m) (ug/L)

<30 <0.95 | >8 <6 Oligotrophy: Clear water, | Salmonid fisheries

oxygen throughout the year i dominate
the hypolimnion

30-40 | 0.95- |84 6-12 Hypolimnia of shallower lakesSalmonid fisheries in deep
2.6 may become anoxic lakes only

40-50 | 2.6-7.3 4-2 12-24 | Mesotrophy: Water Hypolimnetic anoxia
moderately clear; increasing | results in loss of
probability of hypolimnetic salmonids.

anoxia during summer

50-60 | 7.3-20| 2-1 24-48| Eutrophy: Anoxic hypolimnigyWarm-water fisheries
macrophyte problems possibleonly. Bass may dominatq.

60-70 | 20-56 | 0.5-1| 48-96, Blue-green algae dominate} Nuisance macrophytes,
algal scums and macrophyte | algal scums, and low

problems transparency may
discourage swimming angl
boating.
70-80 | 56-155 0.25- | 96-192| Hypereutrophy: (light limited
0.5 productivity). Dense algae and
macrophytes
>80 >155 | <0.25 192- | Algal scums, few macrophytes Rough fish dominate;
384 summer fish kills possiblg

after Carlson and Simpson (1996);
Carlson TSI developed in algal dominated, northiemmperate lakes
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Subsequent evaluations of Carlson’s Index haveddhat one measure or another is
better for use at various times of yeaug(, total phosphorus may be better than chlorophyll a
predicting summer trophic state), but the bestal/predictor of algal biomass is chlorophall
concentrations (Carlson, 1983). Subsequent uste @arlson Index by other investigators
have included combining and averaging the varidbvBilues. Carlson (1983) regards this as a
misuse of the indices and states “There is no lsgeombining a good predictor with two that
are not.”

Trophic indices are appropriate for first order gamson among ponds, especially when
data is limited. More in-depth pond by pond aniglys individualized measures.@, total
phosphorus, dissolved oxygen, macrophyte cove, atd their various interactions should be
evaluated to assess the “health” of a particulee.ldt should also be further noted that higher
Carlson values do not necessarily mean that therwgaglity in a pond is “poor”; although water
guality and biomass levels are linked, higher bissravels are valuable for warm water
fisheries €.g, bass) and may be appropriate for shallow, materally productive pond
ecosystems. That said, available pond monitoratg dn Cape Cod suggests that Cape pond
ecosystems are naturally low in biomass and tlgditenitrophic levels are generally associated
with impacted or “unhealthy” pond ecosystems.

Figure IV-1 shows the trophic categories basedcheraverage surface chlorophall
concentrations in the Brewster ponds, as well as bars showing one standard deviatioa.,(
68% of all possible readings should be betweertiar bars). The length of the error bars
show the variability in the data and how much ctaods fluctuate within individual ponds. For
example, Cliff Pond on average is classified untlerindex as a mesotrophic pond, but
chlorophylla concentrations fluctuate enough to place it orasion in the oligotrophic or
eutrophic categories.

Data from the 2001 PALS Snapshot indicated thdiemfthy” freshwater pond on Cape
Cod would have a threshold concentration of 1.7 fpplehlorophylla, which translates to a TSI
of 35.8, while the cleanest, and presumably pestiape Cod ponds have a TSI of 30.6 based
on a chlorophyll concentration of 1 ppb (Eichner and others, 2003j)e TSI for 1.7 ppb is
shown on Figure IV-1. Both of these chlorophylli3 &re classified as oligotrophic on the
Carlson index (see Table V-1 for generalized cbods). Based on the average TSIs from
sampling between 2001 and 2007, 9 of the 29 Brewsteds are oligotrophic. The majority of
the ponds are classified as either mesotrophiciwoghic.

IV.2. Comparison of Key Data: Selection of PonoisDetailed Review

In June 2006, a preliminary overview of town-widdalwas publicly presented to
sampling volunteers and Brewster town staff. Thesentation included a review of data
available at that time, much of which is discusisetthe previous section, as well as a
comparison among the ponds in order to provide sguigance for the selection of the six ponds
that would be subject to more detailed analysis.

The comparison among the ponds included a reviesaoh of the state regulatory

thresholds for the parameters discussed above aibhting scheme based on whether the
average concentrations exceed the nutrient critleresholds developed for Cape Cod ponds in
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Carlson Trophic Status Index (based on chlorophyll
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Oligotrophic
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Figure IV-1. Trophic Status Index (TSI) in Brewskonds 2001-2007

TSI values are based on average surface chloroplegihcentrations from data collected between JudeSaptember and corrected
for outliers ¢ >2 std dev); error bars show TSI based on onelatdrdeviation. Classification at base of eachdbased on TSI
ranges in Carlson and Simpson (1996) for chlordpythese classifications are descrif@ble 1V-1. Blue line shows the TSI value
based on the “healthy” chlorophylthreshold for Cape Cod ponds of 1.7 microgramdifger(Eichner and others, 2003).
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the Pond and Lake Atlas (Eichner and others, 2083teedances of the “healthy”
concentrationseg(.g, an average TP concentration greater than 10wwel® assigned a higher
weight than exceedance of the “pristine” concertnae.g, average TP concentration greater
than 7.5 ppb). The criteria were reviewed for esampling station depth and resulting values
were summed. Because deeper ponds have moreddafims, this ranking strategy assigns
higher potential scores to deeper ponds than shgitnds.

Because so many of the ponds exceed the “healtagéCod nutrient concentrations,
this prioritization exercise resulted in most o fonds being grouped in a relatively small
range. The results of this analysis reinforcedcthreclusion that almost all of the ponds are
impacted and that a prioritization strategy for tin to address pond water quality remediation
will have to include other factors.

Following further discussions with town staff, fipends were initially selected for more
detailed evaluation: Blueberry, Upper Mill, Lowdill, Seymour, and Walkers. Canoe Pond
was later added to the evaluation list at the tewauest. Detailed evaluations were limited to
the following activities: watershed delineatiordatevelopment of water and phosphorus
budgets. Project staff also agreed to preparawemndations for future monitoring and pond
management activities.
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V. Detailed Pond Evaluations

The detailed evaluations for the selected pondsidiecdelineation of watersheds,
incorporation of historic water quality data, demhent of phosphorus and water budgets, and
more refined interpretation of the available wapeality data. These evaluations are described
in the following sections.

V.1. Location and Physical Characteristics of Blerey, Canoe, Upper Mill, Lower Mill,
Seymour, and Walkers ponds
The six Brewster ponds selected for more detagedew are located in glacial outwash
plain deposits referred to as the Harwich Plaind3&p (Oldale and Barlow, 1986). This
outwash plain is mostly sand and gravel. The glagdiments were deposited during the last
deglaciation of Wisconsinan Stage of the Pleistedgpoch that occurred in New England
approximately 15,000 years ago.

The ponds are groundwater-flooded kettle holesth&glacial ice sheets melted and
receded from southern New England, remnant “dea@lblocks were buried beneath the sandy
outwash deposits derived from glacial melt watérat8er, 1966). When these buried ice blocks
later melted, the overlying sediments collapsedlafidarge depressions in the landscape.
Groundwater levels rose in response to a postajlase in sea level, which is estimated to have
attained its modern level approximately 6,000 yaas, (Ziegler and others, 1965), filled the
depressions, and created the ponds. Pollen refrordgponds on outer Cape Cod show lake
sediments were forming approximately 12,000 yegos(8Vinkler, 1985), so water existed in
these depressions at that time.

The groundwater system on Cape Cod is composer mftependent groundwater flow
cells. The Brewster ponds are located in the Mamphrens, which is the second largest of the
flow cells and extends from the Bass River to RleaaBay. The Cape’s groundwater system
was designated as the Cape Cod Sole Source Adgoyféine U.S. Environmental Protection
Agency; this designation explicitly acknowledgeattthe aquifer system is Cape Cod’s only
source of potable water and somewhat implicitlygates how all water on the Cape is linked
together. The aquifer system is bounded by themtable at its surface, the surrounding marine
waters at it margins, and bedrock below (LeBlatcal. 1986). The aquifer in the area of the
six ponds selected for detailed review varies betw&0 and 500 feet thick and the average
groundwater flow rate is approximately one foot gay (Walter and Whealan, 2005).

Upper Mill Pond is the largest (257.4 acres) ofgsheponds selected for detailed review
(Table V-1). lItis situated to the east of Setwé¢kead in a grouping of ponds that includes
Canoe, Lower Mill, Walkers, Pine and Slough. Seymse the deepest of the six ponds at 11 m,
while Upper Mill is the next deepest at 8.5 m. @eyr is the second largest of the ponds (181.9
acres), followed by Walkers at 103.2 acres, Lowdl &1 50.4 acres, Blueberry at 21.3 acres,
and Canoe at 13.6 acres. Since all of these pamedgreater than 10 acres, they are defined as
waters of the Commonwealth and publicly-owned “GRands.”

Bathymetric data for the six Brewster ponds wasegalty collected from the
Massachusetts Division of Fish and Wildlife on-limethymetric maps
(www.mass.gov/dfwele/dfw/habitat/maps/ponds/pondosnad.htm), except for Canoe Pond.
Canoe Pond bathymetry was determined by CCC GfSusiag depth data collected by Jon
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Budreski in 2004. Pond volumes were determineah filwe bathymetric maps using GIS
techniques and are shown in Table V-1. All avaddiathymetric maps included in Appendix
A.

Table V-1. Physical Characteristics of Bluebe@gnoe, Upper Mill, Lower
Mill, Seymour, and Walkers ponds

Pond PALS | PALIS | Area Vc_)lume Residence Time  Deepest Pqint
ID # Acres | Cubic meters Years Feet

Blueberry BR-180| 96022 21,3 893,884 1.84 27
Canoe BR-269 96031 13|16 131,679 1.31 16
Lower Mill | BR-245 | 96188 50.4 1,249,705 0.21 13
Seymour HA-306| 96284 181/9 2,736,733 2.87 42
Upper Mill | BR-272 | 96324 257.4 16,505,696 3.16 30
Walkers BR-313| 96331 103)2 1,628,721 0.93 9
Notes:

1) Volume for all ponds developed by Cape Cod Cossinn staff based on a bathymetric maps preparéiaeby
Massachusetts Division of Fish and Wildlife excleptCanoe. DFW maps are available at:
http://www.mass.gov/dfwele/dfw/habitat/maps/pondsth maps_sd.htm). Canoe Pond bathymetry was
determined by Jon Budreski in 2003.

2) PALS ID is a unique identification assigned &zle pond by the Cape Cod Commission during theapatipn
of the Cape Cod Pond and Lake Atlas (Eichner ahdrsf 2003), which is also the source of all aadaes.

3) PALIS #'s are state assigned pond identifiessi(se: MAWRRC, 1985); this numbering system is not
comprehensive for all ponds on the Cape.

4) Residence times are based on recharge withid watersheds; original watershed delineations cetaglby
the US Geological Survey using the 2005 versiotheir Monomoy Lens groundwater model (Walter and
Whealan, 2005) and refined by SMAST staff to reflsctual pond geometry, streamflows, and surfademwa
connections.

V.2. Watershed Delineation and Water Budgets

A water budget accounts for the volume of watea pond and the flows of water
entering and leaving the pond. In kettle hole gpmloundwater flows through the pond,
typically entering the pond along one shoreline,(the upgradient side), while an equal amount
of pond water reenters the aquifer system alon@pipesite shoreling.¢., the downgradient
side). Blueberry and Seymour Ponds function is Wiay. In some cases, kettle ponds have
small streams entering or leaving them; Lower Riind is the headwater of Stony Brook and is
lower pond in a series of connected ponds alonky Wialkers and Upper Mill.

Even with stream flows, a pond surface on Capei€gédnerally a reflection of the level
of the water table of the surrounding aquifer arnltifiuctuate in response to extended periods of
recharge/precipitation or drought (Eichner and h£998). Groundwater flows from higher
hydraulic heads on the upgradient side to lowedea the downgradient side, sort of like
water flowing downhill. In Brewster, the highesbgndwater elevations are at the top of the
Monomoy Lens near Long Pond, where the water telelation is approximately 32 feet above
mean sea level. Groundwater flows from the higievation toward Cape Cod Bay, passing
through lower elevation ponds along the way. Apprate average elevations of the six ponds
selected for detailed review, based on USGS qugtesnare: Blueberry, 25 ft above mean sea
level (msl); Canoe, 27 ft above msl; Upper Mill, 2@bove msl; Lower Mill, 25 ft above msil;

34



Seymour, 29 ft above msl and Walkers, 26 ft abosk nit should be noted that there is little
elevation change in the complex of ponds betweelk&&and Lower Mill.

On Cape Cod, groundwater flow lines may be progeagggradient from ponds,
perpendicular to water table contours (or linethefsame groundwater elevation), to delineate
recharge areas or watersheds to the ponds or iest@g, Cambareri and Eichner, 1998).
Assuming uniformly distributed recharge from prétepon across these watersheds, watershed
areas are generally directly proportional to tle tbf groundwater water entering and leaving a
given pond. Using these basic understandingseoatjuifer system, hydrologists can organize
site-specific information in a groundwater modetlé system to help develop a more refined
understanding of interactions between ponds, astjgrublic water supplies, and the
groundwater system.

The United States Geological Survey (USGS) hastbceeleased a revised version of a
regional Cape Cod groundwater model that exterais the Bass River to Orleans and
encompasses the entire Monomoy Lens, where thedBeeywonds are located (Walter and
Whealan, 2005). This model incorporates infornratbaracterizing groundwater levels,
municipal drinking water supply pumping, availabteeam flow measurements, and
hydrogeologic information developed over a numbetezades. The model relies on the USGS
three-dimensional, finite-difference groundwaterdeloVIODFLOW-2000 (Harbauglet al,

2000) and the USGS particle-tracking program MODPATPollock, 1994). MODPATH4
uses output files from MODFLOW-2000 to track theglated movement of water in the aquifer
and was used to delineate the area at the waterttadi contributes water to wells, streams,
ponds, and coastal water bodies. Average puntpieg (1995 to 2000) for the public water
wells in the five towns over the Monomoy Lens asedias part of the dataset for the
development of the model. The model simulatesdststate, or long-term average, hydrologic
conditions including a long-term average rechagge of 27.25 inches/year and the pumping of
public-supply wells at average annual withdrawg&tsdor the period 1995-2000 with a 15%
consumptive loss. The recharge rate is basedeomtist recent USGS information and was
modified for ponds, wetlands, and areas with lasel development. The loss factor is applied
geographically within the model and, in Brewstsrgdéetermined by using the distribution of
residential buildings.

This USGS regional groundwater model incorporagdscsed ponds, including
approximations of their depths, and can reasonalolgel their “flow-through” interactions with
the aquifer. With this in mind, the USGS model waed to delineate watersheds to the six
ponds selected for more detailed review. Sincertbdel necessarily simplifies pond shorelines,
model outputs were then refined by SMAST staffriodpice pond watersheds that better reflect
shoreline configuration and any available streamfloformation (Figure V-1).

As indicated in Figure V-1, many of the selectedgshave hydrologic connections with each
other, either through sharing watersheds or dgedace water connections. Given the density
of ponds on Cape Cod, this type of connectionlatively common, but adds complexity to the
review of individual ponds because information ntheh also be developed for the other,
connected, ponds. Ponds closer to the edge aitihiéer €.9, Cape Cod Bay) are the most
likely to receive flow from an upgradient pond.pArtion of the outflow from an
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Figure V-1. Brewster Pond Watersheds

Watershed delineations were prepared by SMAST Btaféd on output from the US Geological Surveyoreajigroundwater model
(Walter and Whealan, 2005). Model outputs wereembed to reflect actual pond geometry and availableamflow information.
Watersheds to the ponds selected for more detagleelw are indicated. Watersheds in eastern Bezvese from the Pleasant Bay
Massachusetts Estuaries Project Technical Reporéd and others, 2006).
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upgradient ponde(g, Seymour) can discharge into the watershed ofiandoadient ponde(.g,
Upper Mill), while another portion can flow into @er pond watershed or directly toward the
ocean or bay. In order to calculate the amounédfiarge or annual flow out of each pond,
project staff determined the length of the downgmaidshoreline of each pond based on the
model results. Discharge out of the pond was #pdihamong all the downgradient watersheds
receiving flow based on the percentage of the sitaleline length. This information was also
compared to streamflow information for those potindg have surface water inlets and outlets.

Once the watershed delineations were completedarge from precipitation within
these areas was compared to available streamfli@mnmation and the collected water quality
data. With the volume of the pond and the volurinecharge from its watershed, one can
determine the residence time of water in the pofis information can then be compared to
observed nutrient concentrations as a check aelithility.

These analyses are based on output from the US@@dwater flow model as it is
currently configured. Parameters and assumptiopesed on the model result in a simulation
that suggests that water from the top of the aqdiées not underflow any of the ponds. This
means that groundwater from the bottom of the lapproximately 300 feet below the water
table, would eventually rise and surface into thegs. Of course, water that takes this path may
take decades to arrive at the pond.

Since the watersheds are determined by groundwieations, changes in these
elevations, by addition of large-volume water syppéll or wastewater discharge, for example,
would have the potential to alter watershed detinea. These alterations could be evaluated
using the groundwater model. Additional water ¢atlonitoring wells in an area of concern or
better streamflow information would also add adhitil site-specific data that could be used to
refine the watershed delineations presented irréipisrt.

A pond water budget summarizes all the water inpatsoutputs. In groundwater-fed
ponds, such as those in Brewster, inflow from gdater to the pond and outflow from the
pond to groundwater tend to be the predominanbfaéh the budget. Although pond volumes
may fluctuate on longer time scalesq, years), the volume of ponds are relatively statie
inputs and outputs should balance. Shorter teentgysuch as high volume rainstorms, can
change the volume, but these changes are quickimaated by the aquifer and have little
impact on an annual water budgely, Eichner and others, 1998). The water budgeCtype
Cod ponds can generally be represented as:

Groundwatey + Precipitation = Groundwatgr+ evaporation

In the Brewster Ponds, each of the ponds preskgitdgly different budgets largely based
on where they sit in the aquifer system and tredationship to surrounding ponds. For example,
Walkers has two ponds (Slough and Pine) withinvagershed, so the recharge within these pond
watersheds must be accounted for when developsbublget to Walkers. Lower Mill, on the
hand, is located at the terminal end of the pomdpiex that includes Walkers, Upper Mill, and
Canoe, so flow from all the upgradient ponds mesatcounted for when developing the water
budget for Lower Mill.

37



Lower Mill also has a significant stream outflovatlalters the general water budget
equation presented above. Because streams canvediter to leave a pond with less resistance
than discharging back to the surrounding groundwvatstream can be a significant factor on the
output side of a pond water budgetq, Eichner, 2008). Of course, the individual
characteristics of the pond and the stream wikkigheine how much of an impact it will have on
the budget.

Table V-2 presents the water budget for the sixuBter ponds selected for detailed
reviews. The input portion of the water budgetamposed of groundwater inflows,
precipitation on the surface of the ponds, and roadff from properties on the downgradient
side of the pond. The runoff portion is includextause previous analyses of Cape Cod
stormwater collection systems have found that ppasishe lowest elevation point, tend to be
discharge areas for road runoff even from downgradsourcese(g, Eichner, 2007). The
groundwater inflows are based on the watershed atgavn in Figure V-1 and the groundwater
recharge rate used by the Walter and Whealan (200&umes for road runoff and net flows off
the surface of the ponds are also based on vagwedaped for the regional groundwater model.
Outflow is based on streamflow out of the pond pevation off its surface, and groundwater
outflow; groundwater outflow is based on the renmajrdifference after accounting for
evaporation and stream outflow.

The stream outflow volumes in Table V-2 are laygaiconfirmed. The USGS collected
spot flow readings at the stream outflows of Updél [1 cubic feet per second (cfs)] and
Lower Mill (5 cfs) and these were generally usedasration readings during the development
of the Monomoy Lens groundwater model. Woods Haleup determined an average flow of
4.12 cfs based on 13 readings collected at StooglBMill for a one month period starting in
December 2007 (WHG, 2008). There is also a piatestteam connection between Canoe and
Upper Mill, as well as between Walkers and Uppelt.Mi

Establishing long term flow records at the welbédished streams would be important
for water quality management of the both the MdhBs, as well as Stony Brook. Stream
gauges could be placed at the Stony Brook Millween Upper Mill and Lower Mill, and
between Walkers and Upper Mill. Evaluation of flshould include monitoring of precipitation
and groundwater levels in the area. Groundwatel leformation could be obtained from
regular water level monitoring already conductedh®/Cape Cod Commission. Establishing
this information over at least one hydrologic yeauld help to establish how important these
flows are for the transfer of nutrients betweengbeds and, consequently, refine their nutrient
management strategies.
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Table V-2. Water budgets for Brewster Ponds setefrr detailed review.

Inflow is composed of groundwater inflow based anwal recharge within the pond watershed, precipitaon the surface of the
pond, and road runoff. Road runoff of the “IN” lyed is estimated based road areas within 300daoh pond on their downgradient
side. Outflow is based on streamflow out of thaghaevaporation off its surface, and groundwatéflaw; outflow is generally

based on best professional judgment of groundvirstieractions because streamflow data has not b@tied. Precipitation and
recharge rates are the same as used in Walter aedl&vh (2005); groundwater outflow is based orréh@aining difference after
accounting for evaporation and stream outflow.e&tflow information is based on the watershed dations and generally
confirmed by limited data collection for Upper M{iIValter and Whealan, 2005) and Lower Mill (Walkkd Whealan, 2005; WHG,
2008). PALS# is unique identifier developed focle@aond by the Cape Cod Commission under the CagddPOnd and Lake
Stewardship (PALS) program.

IN ouT

Downgradient

Pond PALS # [Eoidies Groundwater Pond.S.urfgce Road TOTAL | Groundwater| Evaporation| Stream TOTAL Volume
Precipitation s
Precipitation
ac m3/y m3/y m3Jy m3Jy ma3/y ma3/y m3Jy m3Jy m3
Blueberry | BR-180 22 450,910 100,651 1,270 552,832 488,370 64,462 552,832 893,884
Canoe BR-269 14 78,329 62,591 4,743 145,663 100,834 40,086 140,920 131,679
Seymour | HA-306 183 655,343 830,092 200 | 1,485,635 953,803 531,632 1,485,435 2,736,733
Walkers | BR-313 102 1,415,736 466,829 - 1,882,565 1,583,585 298,980 1,882,565 1,628,721
Upper Mill | BR-272 260 4,192,067 1,191,472 - 5,383,539 3,726,869 763,077 893,593 | 5,383,539 | 16,505,696
Lower Mill | BR-245 49 5,061,476 225,100 976 | 5,287,552 227,651 144,165 | 4,914,759 | 5,286,576 1,249,705
IN ouT

Downgradient

Pond PALS #| Pond Area Groundwater Pond_S_urfgce Road GW Evaporation Stream
Precipitation s
Precipitation
m?2 m3/y m3/y m3/y m3/y m3/y m3/y

Blueberry | BR-180 89,048 82% 18% 0% 88% 12% -
Canoe BR-269 55,375 54% 43% 3% 72% 28% -
Seymour | HA-306 734,400 44% 56% 0% 64% 36% -
Walkers | BR-313 413,013 75% 25% 0% 84% 16% -
Upper Mill | BR-272| 1,054,120 78% 22% 0% 69% 14% 17% LY
Lower Mill | BR-245 199,151 96% 4% 0% 4% 3% 93%
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V.3. Phosphorus Budgets

Just as a water budget accounts for all the watmirgy into and leaving a pond, a
phosphorus budget does the same for phosphoragnals in pond and lake ecosystems is
usually limited by a key nutrient; if more of thkey nutrient is available, the biomass will
increase. In ponds and lakes, the key nutrieasuslly phosphorus. Diminishing water quality
in ponds and lakes generally follows a relativeige progression that begins with higher
phosphorus concentrations and ends with low oxygaditions: 1) more nutrients create more
plants (usually phytoplankton in Cape Cod pondgsyytdich decrease clarity and create more
decaying material falling to the pond bottom, 3)endbacteria consume oxygen while
decomposing the dead plants. Low oxygen condifpzoduce chemical changes in the sediment
materials that allow the phosphorus in the sedimtrat was previously bound in plant tissues to
be release or regenerated back into the watettjrogethe opportunity to enhance the growth
cycle with additional nutrients. Of course this\geal description often becomes more complex
as the details that are specific to each ponda@wsidered. However, because water quality
impacts usually follow this progression, regulawr Idissolved oxygen conditions are generally
more of a terminal state, while diminishing clat8gcchi depth and elevated phosphorus
concentrations are generally the initial stagelse 3Jtatus of a pond on this progression generally
provides some sense of the level of impacts gégiving.

One way to assess whether a lake ecosystem igdirbit phosphorus is to review the
balance between phosphorus and nitrogen in the watet. As a rule of thumb, if the ratio
between nitrogen and phosphorus is greater thapht®phorus is the limiting nutrient (Redfield
and others, 1963). Because phosphorus is usballgety nutrient, lake scientists usually
develop a phosphorus budget to quantify the prirsatyces and, if there are water quality
problems, to develop targeted strategies to retheephosphorus loads from various
portions/sources in the budget.

As groundwater flows into Cape Cod ponds alonguipgradient shoreline, it brings with
it contaminants from the pond watershed, inclugihgsphorus. Phosphorus is chemically more
stable and biologically unavailable in well-oxygesthwaters if it is bound with iron (Stumm
and Morgan, 1981). Because of this, sandy agsifstems (like the Cape), where iron coats the
sand particles within the aquifer, groundwater jpihasus from small sources, like septic
systems, move very slowly (1.1-2.6 m/yr) (Roberts2908). In contrast, nitrogen, which is
generally present in the Cape’s groundwater systdta fully-oxidized, nitrate form and is not
attenuated once it is in the groundwater systemwdlwith the groundwater, which generally
moves 1 ft/d (or 111 m/yr). Because of the comjppaely slow movement of phosphorus, most
of the sources of phosphorus entering Cape Codspierfdom properties abutting the pond
shoreline; previous analysis of Cape Cod ponds fatesed on properties within 250 to 300 ft
of the shorelined.g, Eichner and others, 2006; Eichner, 2007; Eich2@08).

For the six Brewster ponds selected for more detaiview, project staff began the
development of the watershed portion of the phosmhbudget by asking Brewster volunteers to
review town Board of Health records to determiredistance from the pond shorelines to septic
system leachfields, pits and cesspools on progestithin 300 ft of the pond shorelines. During
this review, information on the age of the wast@walystems and the age of the buildings
connected to these systems were also collectedASIMind Town staff assisted the volunteers
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during the review of the records by preparing maps accompanying spreadsheets listing all
parcels within or partially within the 300 ft buffeProject staff also encouraged volunteers to
note large potential nutrient sources outside ef300 ft buffer area, as well as seeking out
historic information on past land uses that migititlsave some impacts on the currently
observed water quality in the six selected ponds.

The lists of properties within 300 ft of the shanek were then adjusted to focus on
properties on the upgradient sides of the pondpu(EiV-2). Aerial photographs of the
properties were reviewed and non-wastewater loauale anly assigned to developed properties
with houses or other structures within the 30Quffdr and upgradient, or within the watersheds,
to the ponds. For the purposes of reviewing waatemnsources, all septic system discharge
structures on upgradient properties within the 8@ffer were included in the calculations.
Properties included in the loading calculationsenadljusted, as described below, based on best
professional judgment of likely groundwater flonacacteristics near the ponds. Phosphorus
loads were developed based on the factors in T&l3le Review of selected loading factors and
the details of the loads to the individual pondsd@iscussed below.

Table V-3. Watershed Loading Factors for Phosph8udget

Listed below are factors used in the developmethh@fvatershed phosphorus loading estimgtes

for the Brewster ponds selected for more detaidetkbiv.

Factor Value Units Source

Wastewater P load 1 Ib P/septic system MEDEP, 1889

P retardation factor 25 - 37 Groundwater | Robertson, 2008

velocity/solute
velocity

Road surface P load 25-35 Ib P/ac EPA, 198Bo#a@ and others,
2006

Roof surface P load 3.5 Ib P/ac MEDEP, 1989

Natural Areas P conc. 0.05-0.35 kg/ha Cadmus/;286ndry and
Brezonik, 1980

Recharge Rate 27.25 in/yr Walter and Whealan, 2005

Precipitation Rate 44.8 in/yr Walter and WhealdQ)2

Building Area 2,000 ft2 Eichner and Cambareri, 1992

Road Area Actual value ft2 Mass. Highway Informatio

Lawn Factors

Area per residence 5,000 ft2 Eichner and Cambar@®?

Fertilizer lawn load 0.02t00.3] IbP/ac Literatuegiew

Waterfowl Factors

P load 0.156 g/m2/yr Scheret, al, 1995

New P load 13 % Scheraat al,, 1995

Alt external P load 05-13 kgl/yr Non-areal Idmded on Cape
Cod bird counts
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&
Figure V-2. Parcels reviewed in pond watershembphorus loading estimates.
Phosphorus loads are developed for parcels witbinfBthat are also within the pond watershedssetpmarcels are colored darker
within the watersheds. Watershed parcels outditleed300 ft buffer are not assigned a phospharad &xcept for road areas.
Phosphorus loads are based on factors shown ie VaBl Individual parcel data is based on Towne&ssr information and review

of Board of Health septic system records.
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V.3.1 Wastewater Phosphorus Loading Factor

For wastewater phosphorus, previous Cape Cod poosphhorus budgets.g, Eichner,
2006) typically used the septic system loading deteeloped by the Maine Department of
Environmental Protection (MEDEP, 1989). The MEDE®s a phosphorus loading
methodology for assessing the potential impactektbpment on pond and lake water quality.
Among the factors used is one pound of phospharnaally (1 Ib P/y) for each septic system
bordering a pond or lake and located in sandy .soils

Because of phosphorus’ chemical characteristiek] §tudies of phosphorus loads to
ponds have typically had varied results that arg dependent on the individual characteristics
of the site being evaluated. Evaluation of avddaudies have shown that annual per capita
phosphorus loads range from 1lelg, Reckhow and others, 1980; Panuska and Kreid@g2)20
to 1.8 poundsg.g, Garn and others, 1996). When the soil rangetdrgial phosphorus soil
retention factors (0.5 to 0.9) are applied (Roloerisnd others, 2003), the resulting annual per
capita load ranges between 0.11 and 0.9 Ib. Asird pf comparison, KV/IEP (198%ssumed
an annual per capita load of 0.25 Ib and a peréntnal of 0.75 Ibs in their buildout calculations
for Lake Wequaquet. If one uses the average ammueapancy in the Town of Brewster during
the 2000 Census (2.45 people per house), the pgacange results in an average septic system
load range of 0.3 to 2.2 Ibs.

Given that the MEDEP load falls into the range encbnsistent with prior Cape Cod
pond assessments, project staff proceeded withattlisr as the initial wastewater phosphorus
load assigned to septic systems. Staff then atjubis load based on the individual
circumstances of each pond by reviewing the digtdoetween the septic system leachfields and
the pond shoreline, as well as the age of thesspsitem and house. Consideration of these
factors allows an assessment of whether the phospglfimom an individual house is likely to
have reached the pond.

V.3.2. Lawn Fertilizer Phosphorus Loading Factor

Reviews of fertilizer application rates on Capal®ave generally found that
homeowners do not fertilize lawns as frequentlygg®@mmended by lawn care guidelines unless
commercial companies tend the lawns [see Howe®tals (2007) for summary]. A multi-
town survey also found that approximately half ap€ Codders do not use lawn fertilizers at all
(White, 2003). MEDEP (1989) uses a fertilizer Idean residences of 0.3 pounds per acre and
this rate has been used in other Cape Cod pongpbnnss budgetse(g, Eichner, 2007).

Available research shows a wide range of phospHoags assigned to residential lawns.
For example, Erickson and others (2005) testedpgitarsis application rates on mixed turf and
monoculture lawns for nearly four years. Theseéistifound that leaching rates stabilized
around 35% with average loading rates 33.7 and|B8/3c, respectively. Conversely, Sharma
and others (1996) evaluated phosphorus concemtsatiorecharge under urban lawn areas and
found concentrations equivalent to loading rateés/éen 0.02 and 0.2 Ibs/ac. Rhode Island
DEM has developed a phosphorus loading model barsedrious land uses (Kellogg and
others, 2006). This model uses a range of 0 tdb4/ac depending on the land use and the soil
types and assigns a range of 0.6 to 0.7 Ib/aceteuimulative phosphorus load of low density
residential development. Given that residentigilfeation practices appear to favor low annual
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application rates, project staff completed the phosus budgets for the Brewster ponds using a
range of rates: 0.02 to 0.3 Ibs/ac.

V.3.3. Bird Phosphorus Loading Factor

Phosphorus loading from birds has been a diffi@dtor to resolve for Cape Cod ponds.
Previous analyses completed by SMAST staff haved&n the factors shown in Table \at
are derived from a highly detailed study of birdsl @ond water quality from Seattle,
Washington (Scherer and others, 1995). This stwdyuated bird counts for a large pond (259
acres), determined the load per species, and ticergage of the phosphorus load from each
species that was new addition to the pond and haehrwas reworking of existing phosphorus
sources already in the pond. The results from i®&ctzad others (1995) found that the annual
average phosphorus load from birds is 0.156 grdri®spr square meter of lake surface with
13% of the load as new P additions to the lakecaBse this load is determined by the area of
the pond, applying this factor would result in rgonds having greater bird loading.

In order to provide some sense of how well the 8atend others (1995) study might
apply to Cape Cod, project staff reviewed bird daedrom the annual Cape Cod Bird Club
surveys Wwww.capecodbirds.org/waterfowl.hjmThese surveys are usually conducted during
the first week of December, have been done sin84,1#8nhd generally collect data from over 300
ponds. In 2007, an average of 36 birds per porgre@orded on the 313 ponds surveyed. The
average for all surveys since 1984 is 33 birdsppead. If pertinent factors from Scherer and
others (1995)d.g, phosphorus content of droppings) are used walCthpe Cod bird counts
and it is further assumed that December countsegresentative of year-round populations, the
resulting average load of new phosphorus is 0.9 kgf Cape Cod pond. In the development of
phosphorus budgets for Brewster’s ponds, projatt ssed both the areal load based on Scherer
and others (1995) and the per pond load basedeo@dpe Cod Bird Club survey results.

V.3.4. Pond Surface Loading Factor

Previous pond phosphorus budgets on Cape Cod Isadeau0.14 kilogram per hectare
(kg/ha) phosphorus load on the pond surfaeas, Eichner, 2008). This rate is largely based on
a 0.14 mg/l TP concentration assigned to precipitah the diagnostic/feasibility study of
Hamblin Pond in Barnstable (BEC, 1993). Subseqreanéws of phosphorus in precipitation
have resulted in loads ranging from 0.05 kg/ha (@as] 2007) to 0.35 kg/ha (Hendry and
Brezonik, 1980). In Cape Cod ponds where surfaeeipitation would be expected to be the
predominant source of phosphorus (i.e., ponds ktit& or no development around them),
review of their TP concentrations suggest thaidler surface loading rates are more
appropriate for Cape Cod ponds. Based on thighlephorus budgets for Brewster’s ponds
used a phosphorus load of between 0.05 and 0.b4 kgv phosphorus loading on pond surfaces.

V.3.5. Road Runoff Loading Factor

Previous phosphorus budgets on Cape Cod haveausedje of 2.5 to 5.3 pound per acre
(Ib/ac) phosphorus load on the road surfaeas, Eichner, 2008). These rates are based on the
results from the EPA National Runoff Survey (1988) the MEDEP (1989), respectively.
Subsequent assessments have generally lowereanigis slightly. For example, Rhode Island
Department of Environmental Management’s nutrieatling manual (2006) suggests a range of
1 to 3.5 Ib/ac for roads based on their literatergew and low and high density residential
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development, respectively. Most other approadnekjding TMDL assessments, group runoff
loads into generalized land use categories (eagl@s, 2007). In order to try to constrain the
impact of road runoff on the total loads, projdeiffsdecided to use a range of 2.5 to 3.5 Ib/ac TP
for road runoff. It is clear that this factor &adiely dependent on site-specific characteristics o
the amount of pavement, how the runoff is treaé@d, whether it discharges directly or

indirectly into the pond. It is recommended thed individual stormwater systems surrounding
all Brewster ponds be characterized and, if thedpsimpaired, be sampled to ascertain the
actual phosphorus contribution from road runoff.

VI. Individual Pond Reviews
VI.1. Seymour Pond

Seymour Pond is a 183-acre pond that is locatéuetavest of Long Pond and is split by
the town boundary between Brewster and Harwich fsgere V-1). It is the deepest of the
ponds selected from detailed review; its averagp ¢oint is 11 m (~36 ft).

Temperature data collected between 2001 and 2G®¥sstihat the Seymour regularly
stratifies during the summer; upper waters warnelgerithan deeper waters eventually leading
to separate temperature layers with cold watemAb&lm (Figure VI-1). This cold water
volume is approximately 4% of the total volumelod pond. These deep waters meet state
surface water regulations (314 CMR 4) temperategeirements for cold-water fisheries (20°C
or less), but do not meet the accompanying disdabggen requirements (average
concentrations all less than 6 ppm) (Figure VI-2).

It is project staff opinion that the lack of acaape dissolved oxygen throughout the
available cold water fishery means that SeymourdPdould be classified as an impaired water
for the purposes of compliance with the state serf@ater regulations. Under the state and
federal Clean Water Acts, impaired waters are regluio have a total maximum daily load
(TMDL) for the contaminant that is causing the innpeent. Since the Massachusetts
Department of Environmental Protection implemehgsdtate surface water regulations, this
opinion would need to be submitted to MassDEP depto get a definitive ruling.

Other water quality data generally confirm thati@eyr is impaired. Average total
phosphorus and chlorophglconcentrations at all depth stations, throughlo@ttater column,
are above their respective Cape Cod pond wateitgtimlesholds (Eichner and others, 2003).
Average dissolved oxygen in the two deepest stat@wa anoxic (<1 ppm) and, therefore, lethal
to fish. Average deep total phosphorus concenotratare more than three times greater than
surface concentrations, which indicates that, aragye during the summer, the sediments are
regenerating phosphorus and creating the potdatialdditional phytoplankton growth in the
water column.

Review of Secchi readings seem to indicate thaetlmpaired conditions are worsening.
Secchi clarity readings have increased slightly the seven years, but so have the station depth
readings (Figure VI-3). The increase in statioptdemirrors increased groundwater levels over
this same period (Cape Cod Commission water l@cgrds). Because the Secchi readings have
a much smaller increase, it suggests that clagityarsening in Seymour. Because clarity in
Cape Cod ponds is generally determined by phyté&pdanpopulations, which respond to
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phosphorus loads, these findings suggest that pbosp loads are increasing. Average relative
Secchi readings are very low (29%); the best iBter is Little Cliff Pond at 79% (see Figure
11-2).

Comparison to a single August 1948 Secchi readsmtands to confirm worsening
conditions over a longer time period. A 3.9 m d8epchi reading was measured on August 17,
1948 by Massachusetts Division of Fisheries and &staif (MADFG, 1948). This reading is
half a meter deeper than any of the August Seeddings measured between 2001 and 2007
and is 1.2 m deeper than the average August reédimgthis same data (n=8). This is
consistent with comparison of current water qualdpditions to monitoring data from other
Cape ponds generally shows worsening conditiopends across Cape Cod (Eichner and
others, 2003).

Review of nitrogen to phosphorus ratios in Seynstaw that the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond and, therefore, is the nutrient/contemi that should be targeted for a TMDL.
Average surface N to P ratio during June througbté&aber is 48; generally water
concentrations ratios above the Redfield ratio@ade phosphorus limited (Redfield and others,
1963). Nutrient regeneration from the Seymourtireents makes these waters even more
phosphorus limited; average N to P ratio in deefergas 98.

Since phosphorus is the key for determining watedity in Seymour Pond, one of the
next steps is to determine the sources and magnatupdhosphorus. Once this is completed,
community discussions and cost estimates can balptermine what combination of
phosphorus management strategies will be adoptezirtediate Seymour Pond. Understanding
the sources and magnitude of phosphorus is usdiailg through the development of a
phosphorus budget.

As mentioned above, the phosphorus budget will @aatcfor all the various sources
entering the pond water. Most of the sourceslvalfrom the watershed, but the pond sediments
can also be an internal source. None of thesessirave been measured directly, but
information developed on ponds and lakes in sinsigtings can be used to develop a reasonable
estimate. More detailed Seymour Pond-specific oreasents would be necessary to refine the
results presented here and are recommended fda&eys such as road runoff, bird loading,
and sediment regeneration.

In order to begin to develop a watershed phosphaundget for Seymour Pond, town
volunteers reviewed Board of Health (BOH) recoldétermine the distance between the pond
and septic system leachfields for all propertiehini300 feet of the pond (see Figure V-4), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phosgholase to the pond. Once this information
was developed, project staff narrowed the lishgroperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Td8&o estimate a watershed phosphorus
load.
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Figure VI-1. Seymour Pond Temperature and DO Remsd2001-2007

Summer temperature data shows warmer, shallowarwserlying colder, deeper waters.
During early spring and late fall, temperaturesratatively consistent throughout the water
column. Dissolved oxygen concentrations show @eing concentrations with increasing depth
and regular anoxic (<1 ppm) concentrations durreggsummer. All data collected by Brewster
volunteers using DO/Temp meters, including datenfRALS Snapshots from 2001 to 2007.
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Figure VI-2. Seymour Pond: Average dissolved @ygoncentrations (June through September, 2007}200
Graph shows average DO profile based on data bet@2@®1 and 2007 plus profiles based on maximunmandmum readings at
each depth. Also shown is state surface watemé{p@ standard for cold water fisheries (314 CMR MJost depths have 35

readings.
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Figure VI-3. Seymour Pond: Secchi transparenaygirgs 2001-2007
Blue data points are Secchi depth readings, whiléos depth measurements are shown in pink. @t dollected by Brewster

volunteers. Both station depth and Secchi depik recreasing trends over the sampling period;ithexpected since groundwater
levels also increased and pond elevations arestetatgroundwater elevations. However, Secchiingadare increasing at a rate
only a third of the overall depth increase, whiaggests that clarity is decreasing in Seymour.cleeadings are 29% of the total

depth on the pond on average.
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Based on this land use review, there are 48 priegestholly or partially within the 300 ft
buffer upgradient of Seymour Pond; 34 of them argls family residences with eight in
Harwich and 26 in Brewster. There are also two-taroily residences in Brewster and one
developable residential property. None of the Bitewresidences are connected to the
municipal water supply and are assumed to get Wetier from private wells; six of the Harwich
residences have water use. Twenty-six of the ptigsehave septic system leachfields within
300 feet of the pond shore; the average distarrdhése systems is 213 feet. Average age of
these residential septic systems is 22 years dldaviotal Title 5 design flow of 11,457 gallons
per day. Using average water use in Brewster laadneasured flows in Harwich, total
estimated water use is 5,587 gpd or roughly hathefseptic system design flow. Based on the
age of the septic systems, distance to the portthenrange of retention factors discussed
above, septic systems are annually contributingéen 2.7 and 8.2 kg of phosphorus to
Seymour Pond with an estimated steady state loa@ &f (Figure VI-4).

If phosphorus loading from runoff, lawns, birdsdgecipitation are added to the
wastewater load, the estimated annual phosphoaasttbSeymour Pond, without including an
estimate for internal sediment regeneration, hange 10 to 38 kg. Within these loads, the
sources that are the most uncertain are road ramofbirds; the wide range of these factors is
evident in their changing percentages of the highlaw loading estimates in Figure VI-4.
Gathering of Seymour Pond-specific informationesammended to clarify these particular
factors.

Based on the phosphorus loading analysis, thedatalal load of phosphorus entering
Seymour Pond is between 10 and 42 kg. Reviewiagwiter quality data can provide a
reliability check on the average mass of phosphor@eymour Pond. After reviewing the 12
sampling runs completed between June and Septearbaverage of 47 kg of phosphorus is in
the water column of Seymour Pond. Since the reseléme of water in the pond is 2.9 years
(see Table V-1), this means that roughly 16.5 kghafsphorus is being added to the water
column each year. This calculation suggests thati@ mass loading of phosphorus is closer to
the lower estimates derived from the phosphorugéydut it does not clarify the components
of the load

Sediment regeneration is not included in the phospghbudget estimates. Generally, the
water quality data suggests that there is regdanarahost of the sampling runs show close to
the same TP concentrations in the shallow and 8mpkes with an average doubling of
concentration at the 9 m depth and then roughlyteen®0% increase at the deepest station. The
consistency of this increasing gradient with degttbws sediment regeneration, but the general
lack of samples in the spring does not allow ageable calculation of regeneration based on the
water quality data alone. It is recommended thatown consider sampling of the sediments to
develop a better idea of their contribution to teasured phosphorus in the pond.

Overall, it is recommended that the town considesping some additional
characterization of load components/sources béf@down pursues remedial activities. It is
recommended that the Town target these effortsriiwd) characterizing phosphorus flow into
and out of the sediments, 2) measuring local phargghinputs from road runoff, and 3) getting a
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Figure VI-4. Seymour Pond: Estimated annual phosgs budget

High and low estimates based on factors discuss8ection V.3 and presented in Table V-3. Aveliagake mass, corrected for
residence time, results in an annual load of 16dged on measured water quality data (n=12 samplitg). Wastewater load from
upgradient properties within the 300 ft buffer lthea septic load travel time of 35 to 81 yearsadRlmads include all areas,
including downgradient areas, within 300 ft buff€oad runoff and bird loads are the most uncedaahit is recommended that the
town evaluate these with targeted data collecti@aontribution of seasonal phosphorus regeneratan the sediments is not clear
from available data; it is recommended that thisneasured directly through collection and testihgealiment cores.
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better understanding of the bird populations tisat Seymour Pond. These activities could be
combined with complimentary efforts that will prde all the information necessary to develop
phosphorus TMDL for Seymour Pond and the necesdargphorus reduction steps to meet the
TMDL. These steps will allow the town to developmagement strategies that can be
confidently pursued.

In order to address these recommendations, SMASTrecommend that these efforts
include the following tasks, at a minimum: 1) eclion and incubation of a minimum of three
sediment sample cores to determine phosphorusrdantd regeneration potential related to
dissolved oxygen thresholds, 2) a whole year oénlaion of bird populations on the pond,
including identification of species, and 3) a syreé stormwater systems and measurement of
runoff near Seymour Pond with regular testing ef phosphorus content of the runoff. Itis also
recommended that occasional water quality samm@elected from the pond using the
standard PALS sampling depths to provide an intedranapshot of the pond conditions and
help to better understand sampling conditions duttiis period compared to average conditions.

Depending on how well the recommended informatielpsto settle the phosphorus
budget, the town may also want to consider the ¢etiop of a comprehensive plant survey. In
most Cape Cod ponds, the algal/phytoplankton poxdiahe plant community is very dominant
and the relationship between phosphorus and porgl/siems conditions is very strong. But in
some impaired and/or heavily used porelg(Long Pond in Barnstable), this relationship can
be skewed by conditions that have created an extersoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplEnts and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
plants. Observations from PALS samplers betwe@&1 2id 2007 have not noted extensive
plant coverage in Seymour, but it may be usefuinduthe development of remedial options to
have a more definitive assessment. Although beyleadcope of this project, SMAST is
available to assist the town in evaluating whetheomprehensive plant survey should be
recommended for Seymour Pond.

SMAST staff have estimated that the cost of a stdone project at Seymour Pond for
these recommended activities for between $22,080a6,000 with another $10,000 to $12,000
for combining this information with past informati@nd developing water quality management
strategies and a recommended TMDL. A rooted @antey, including mapping, transects and
species identification, would have an estimated abbetween $8,000 and $10,000. Significant
potential savings might be realized by completimgse recommended analyses on a number of
ponds and/or by incorporating citizen volunteer twin staff participation where appropriate.
SMAST staff can discuss strategies with town sdaft provide the town with a detailed scope of
work if requested.

In addition, although the target watershed redustiaxe not clear at this point,
application of relatively low cost, homeowner-iated, best management practices around the
pond shoreline would help to reduce external whtatdoads. These practices would include: 1)
maintaining, planting, or allowing regrowth of netlibuffer areas between the pond and
lawns/yards/houses and 2) installing treatmenbofaedirecting any direct stormwater runoff.
The Town has already implemented a third actingt is usually recommended: ensuring that
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all new or upgraded septic system leachfields laavadequate setback from the pond (at least
300 feet or the maximum possible on a lot). Thewiter Board of Health approved a setback
regulation in 2004. Review of the potential betsedind costs of the various nutrient
management options could be evaluated as parslajla expansion of the activities
recommended above.

VI.2. Canoe Pond

Canoe Pond is a 14-acre pond that is the smali¢gse Brewster ponds selected for
detailed review, but is still considered a GreatdPonder state regulations and, therefore, is a
public pond. Canoe is approximately 4 m deep {)13Canoe is located just to the west of
Upper and Lower Mill Ponds and is just south ofuskét Road (see Figure V-1).

Temperature data collected between 2001 and 2Gf¥sstinat the water column in
Canoe is generally well-mixed; temperatures ati@fiths are more or less the same throughout
the summer (Figure VI-5). Based on the temperajanoe would be classified as a warm
water fishery under state surface water regulatidhd CMR 4). Under the regulations, warm
waters are required to have dissolved oxygen cdrat@ns of 5 ppm or greater. Waters at 3 m
and deeper in Canoe fail to meet this concentrgfayure VI-6); these waters represent 9% of
the total pond volume.

It is project staff opinion that the lack of accpe dissolved oxygen in a significant
volume of the pond means that Canoe Pond shouttbbsified as an impaired water for the
purposes of compliance with the state surface watgrlations. It should also be noted that
even though Canoe’s water column is well-mixed,sb@iment oxygen demand is sufficient to
sustain this impairment even with regular replemsht from the atmosphere. Under the state
and federal Clean Water Acts, impaired waters egeired to have a total maximum daily load
(TMDL) for the contaminant that is causing the innpeent. Since the Massachusetts
Department of Environmental Protection implemehesdtate surface water regulations, this
opinion would need to be submitted to MassDEP depto get a definitive ruling.

Other water quality data generally confirm that @ars impaired. Average total
phosphorus and chlorophylconcentrations at all depth stations, throughlo@ittater column,
are above their respective Cape Cod pond wateitytialesholds (Eichner and others, 2003).
Average dissolved oxygen at the deepest statianagic (<1 ppm) and, therefore, lethal to fish.
As would be expected based on the temperaturengsdaverage deep total phosphorus
concentrations are the same as surface concensatihich suggests that any phosphorus
regenerated from the sediments is easily mixeditiirout the water column and can create the
potential for additional phytoplankton growth irettvater column.

Review of Secchi readings also seem to indicate@haoe is impaired, but conditions
appear to be relative stable. Both Secchi (n=8d)the deep point station depths do not have a
distinct trend between 2001 and 2007 (Figure VI&Yyerage relative Secchi reading is very low
(30%); the best in Brewster is Little Cliff Pond78% (see Figure IlI-2).

Review of nitrogen to phosphorus ratios in Canastinat the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
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Figure VI-5. Canoe Pond Temperature and DO Read0§1-2007
Temperature data shows well-mixed water column githerally consistent temperatures
throughout the year. Dissolved oxygen concentnatghow regular loss during summer that
generally rises to 3 m below the surface. All daikected by Brewster volunteers using
DO/Temp meters, including data from PALS Snapsfrota 2001 to 2007.
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Figure VI-6. Canoe Pond: Average dissolved oxygmrcentrations (June through September, 2001-2007)
Graph shows average DO profile based on data bet2@@1 and 2007 plus profiles based on maximurmmandnum readings at

each depth. Also shown is state surface watemd{p@® standard for warm water fisheries (314 CMR Mipst depths have 37
readings. Waters 3 m and deeper on average duitaot the state regulatory threshold for dissoloeghen.
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Figure VI-7. Canoe Pond: Secchitransparencyimgad2001-2007

Blue data points are Secchi depth readings, whiléos depth measurements are shown in pink. @t dollected by Brewster
volunteers. Neither station depth nor Secchi deptre distinct trends over the sampling period #shiggests that conditions in the
pond have been relatively stable during this samygberiod. Secchi readings are 30% of the totaitden the pond on average.
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in the pond and, therefore, is the nutrient/conteami that should be targeted for a TMDL.
Average surface N to P ratio during June througtteSeber is 68; generally water
concentrations ratios above the Redfield ratio@afe phosphorus limited (Redfield and others,
1963). As would be expected for such a well-migedd, the average N to P ratio in deep
waters is the same as the surface waters.

Since phosphorus is the key for determining wateity in Canoe Pond, one of the
next steps is to determine the sources and magnatuypdhosphorus. Once this is completed,
community discussions and cost estimates can belptermine what combination of
phosphorus management strategies will be adopteziriediate Canoe Pond. Understanding the
sources and magnitude of phosphorus is usually ttonagh the development of a phosphorus
budget.

As mentioned above, the phosphorus budget will @aatcfor all the various sources
entering the pond water. Most of the sourceslvalfrom the watershed, but the pond sediments
can also be an internal source. None of thesessirave been measured directly, but
information developed on ponds and lakes in sinsiétings can be used to develop a reasonable
estimate. More detailed Canoe Pond-specific measemts would be necessary to refine the
results presented here and are recommended fdak®ys such as road runoff, bird loading,
and sediment regeneration.

In order to begin to develop a watershed phosphaudget for Canoe Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethini300 feet of the pond (see Figure V-4), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phospholase to the pond. Once this information
was developed, project staff narrowed the lishgroperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Te8&o estimate a watershed phosphorus
load.

Based on this land use review, there are severepiep wholly or partially within the
300 ft buffer upgradient of Canoe Pond; three ehthare single family residences, while the
other four undeveloped, but developable, residepéiecels. None of the Brewster residences
are connected to the municipal water supply base2D62 to 2004 water use and all are
assumed to get their water from private wells. tAtke of the existing residences have septic
system leachfields within 300 feet of the pond shtre average distance for these systems is
206 feet. Average age of these residential sgptitems is 11 years old with a total Title 5
design flow of 1,540 gallons per day. Using aversiggle family residence water use in
Brewster, total estimated water use is 526 gpaoghly a third of the septic system design
flow. Based on the age of the septic systemsamiist to the pond, and the range of retention
factors discussed above, none of the relativelyngaeptic systems are contributing phosphorus
to Canoe Pond (Figure VI-8). At steady state,dtmstems will contribute 1.4 kg/yr of
wastewater phosphorus and at BO the load is pegdctincrease to 3.2 kg/yr.

The remaining sources of phosphorus loading (rymeffns, birds, and precipitation),
without including an estimate for internal sedimesgeneration, total between 2.3 to 4.1 kg.
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Figure VI-8. Canoe Pond: Estimated annual phagghoudget

High and low estimates based on factors discuss8edtion V.3 and presented in Table V-3. Aveiagake mass, corrected for
residence time, results in an annual load of 1.8dged on measured water quality data (n=13 sagwplims). Based on the age of
upgradient septic system leachfields and theiadist to the shoreline, none are yet contributirgsphorus to the pond. Road loads
are based exclusively on downgradient areas w800 ft buffer; there are no road areas withinuppgradient 300 ft buffer. Road
runoff and bird loads are the most uncertain amlrécommended that the town evaluate these aigeted data collection.
Contribution of seasonal phosphorus regeneratmmn fhe sediments is not clear from available data;yecommended that this be
measured directly through collection and testingeafiment cores.
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Since there is no current projected wastewater, libéslrange is also the current total loading
range. Within these loads, the sources that aenttst uncertain are road runoff and birds; the
wide range of these factors is evident in theimgivag percentages of the high and low loading
estimates in Figure VI-8. It should also be ndteat all of the road runoff is generated by
downgradient roads based on the phosphorus loadsgmption that roads within a 300 ft
buffer on the downgradient side have drainage &tras that discharge toward or into the pond.
As noted in the water budget discussion, therésis @ potential stream connecting Canoe to
Upper Mill that is noted on aerial photographsar@ying its impact is also important for
resolving the phosphorus budget. Gathering of €&und-specific information is
recommended to clarify these factors.

Reviewing the water quality data can provide aat®lity check on the average mass of
phosphorus in Canoe Pond. After reviewing theaBing runs completed between June and
September, an average of 2.4 kg of phosphorustieiwater column of Canoe Pond. Since the
residence time of water in the pond is 1.3 yeas {&@ble V-1); this means that roughly 1.8 kg
of phosphorus is being added to the water colunsh gaar. This calculation suggests that
annual mass loading of phosphorus is closer téothier estimates derived from the phosphorus
budget, but it does not clarify the componentseflbad.

Sediment regeneration is not included in the phosghbudget estimates, but the water
guality data suggests that it is a component ohteasured mass in the pond. Unfortunately, the
available dataset has samples generally collent@digust or September, so calculations cannot
be made showing regeneration, which would genebalghown by an increase in TP
concentrations as summer progresses. The onltlyaiaapproaches this is 2002, which has July
through September samples with consistently higeep concentrations and concentrations that
increase from July to August, but fall in Septembgotal nitrogen concentrations follow a
similar pattern during these sampling runs. feisommended that the town consider sampling
of the sediments to develop a better idea of t@itribution to the measured phosphorus in the
pond, as well as collecting some deep water qusdityples in the spring.

Overall, it is recommended that the town considesping some additional
characterization of load components/sources béf@down pursues remedial activities. It is
recommended that the Town target these effortsriiwd) characterizing phosphorus flow into
and out of the sediments, 2) measuring local phargghinputs from road runoff, and 3) getting a
better understanding of the bird populations tis& Qanoe Pond. These activities could be
combined with complimentary efforts that will prde all the information necessary to develop a
phosphorus TMDL for Canoe Pond and the necessarypblorus reduction steps to meet the
TMDL. These steps will allow the town to developmagement strategies that can be
confidently pursued.

In order to address these recommendations, SMASTrecommend that these efforts
include the following tasks, at a minimum: 1) eclion and incubation of a minimum of three
sediment sample cores to determine phosphorusrdarid regeneration potential related to
dissolved oxygen thresholds, 2) a whole year oéplaion of bird populations on the pond,
including identification of species, and 3) a syre¢ stormwater systems and measurement of
runoff near Canoe Pond with regular testing ofghesphorus content of the runoff. Itis also
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recommended that occasional water quality samm@eoltected from the pond using the
standard PALS sampling depths to provide an intedranapshot of the pond conditions and
help to better understand sampling conditions duttins period compared to average conditions.

Depending on how well the recommended informatielpsto settle the phosphorus
budget, the town may also want to consider the detiop of a comprehensive plant survey. In
most Cape Cod ponds, the algal/phytoplankton podidhe plant community is very dominant
and the relationship between phosphorus and porgl/siems conditions is very strong. But in
some impaired and/or heavily used porelg(Long Pond in Barnstable), this relationship can
be skewed by conditions that have created an exgersoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplnts and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
plants. Observations from PALS samplers betwe®i 2td 2007 have not noted extensive
plant coverage in Canoe, but it may be useful dutive development of remedial options to
have a more definitive assessment. Although beyieadcope of this project, SMAST is
available to assist the town in evaluating whetheomprehensive plant survey should be
recommended for Canoe Pond.

SMAST staff have estimated that the cost of a stdoxe project at Canoe Pond for
these recommended activities between $22,000 ab@®2 with another $10,000 to $12,000 for
combining this information with past informationcadeveloping water quality management
strategies and a recommended TMDL. A rooted @antey, including mapping, transects and
species identification, would have an estimated abbetween $7,000 and $9,000. Significant
potential savings might be realized by completimgse recommended analyses on a number of
ponds and/or by incorporating citizen volunteer twin staff participation where appropriate.
SMAST staff can discuss strategies with town sdaft provide the town with a detailed scope of
work if requested.

In addition, although the target watershed redustiaxe not clear at this point,
maintenance of the natural buffers that generaidtyr@directing any direct stormwater runoff are
relatively lost cost best management practicesdhatbe pursued. These activities would help
to minimize external watershed phosphorus loadsvid®v of the potential benefits and costs of
the various nutrient management options could laduated as part of a slight expansion of the
activities recommended above.

VI1.3. Blueberry Pond

Blueberry Pond is a 22-acre, approximately 7 m d28gt) pond. Blueberry is located
in eastern Brewster, to the south of Route 6A,west of Nickerson State Park (see Figure V-1).
It is also adjacent to the Ocean Edge Resort.

Temperature data collected between 2001 and 2GfWsstinat the Blueberry develops
regular stratification during the summer; upperavgtvarm quicker than deeper waters
eventually leading to separate temperature layéhsasld waters below 4 m (Figure VI-9).
This cold water volume is approximately 16% of tb&l volume of the pond. These deep
waters meet state surface water regulations (318 @Memperature requirements for cold-
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Figure VI-9. Blueberry Pond Temperature and DOdregs 2001-2007

Summer temperature data shows warmer, shallowarwserlying colder, deeper waters.
During early spring and late fall, temperaturesratatively consistent throughout the water
column. Dissolved oxygen concentrations show detng concentrations with increasing depth
and regular anoxic (<1 ppm) concentrations durveggdummer. All summer readings below 5 m
fail to attain state DO standard of 5 ppm. Alladebllected by Brewster volunteers using
DO/Temp meters, including data from PALS Snapsfrots 2001 to 2007.
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water fisheries (20°C or less), but do not meeattdmpanying dissolved oxygen requirements
(average concentrations all less than 6 ppm) (Eigi10).

It is project staff opinion that the lack of accpe dissolved oxygen throughout the
available cold water fishery means that BluebewgdPshould be classified as an impaired water
for the purposes of compliance with the state serfaater regulations. Under the state and
federal Clean Water Acts, impaired waters are regluio have a total maximum daily load
(TMDL) for the contaminant that is causing the innpeent. Since the Massachusetts
Department of Environmental Protection implemehesdtate surface water regulations, this
opinion would need to be submitted to MassDEP depto get a definitive ruling.

Other water quality data generally confirm thaté@iarry is impaired. Average total
phosphorus and chlorophylconcentrations at all depth stations, throughlettater column,
are above their respective Cape Cod pond wateitgtialesholds (Eichner and others, 2003).
Average dissolved oxygen in the two deepest stat@wa anoxic (<1 ppm) and, therefore, lethal
to fish. Average deep total phosphorus concentratare more than twice surface
concentrations, which indicates that, on averageguhe summer, the sediments are
regenerating phosphorus and creating the potdatialdditional phytoplankton growth in the
water column.

Review of Secchi readings seem to indicate thaetlmpaired conditions are worsening.
Secchi clarity readings have been relatively conistaer the seven years of data collection, but
station depth readings have increased by approglynatmeter (Figure VI-11). This increase in
station depth mirrors increased groundwater leveds this same period (USGS water level
records, well BMW44). Because the Secchi readinay® not increased, but the total depth of
the pond has generally increased, the data sughestslarity is worsening in Blueberry.
Because clarity in Cape Cod ponds is generallyroted by phytoplankton populations, which
respond to phosphorus loads, these findings sugfggisbhosphorus loads are increasing.
Average relative Secchi readings are 47%, whiclepofse, have a decreasing trend. The best
relative Secchi reading in Brewster is Little CHond at 79% (see Figure I1I-2).

Review of nitrogen to phosphorus ratios in Bluepstrow that the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond and, therefore, is the nutrient/conteami that should be targeted for a TMDL.
Average surface N to P ratio during June througtteSeber is 80; generally water
concentrations ratios above the Redfield ratio@afe phosphorus limited (Redfield and others,
1963). Nutrient regeneration from the Bluebergésliments makes these waters even more
phosphorus limited; average N to P ratio in deefexrgas 239. The higher ratio in the sediments
means that more nitrogen is being regeneratedfabhesediments than phosphorus.

Since phosphorus is the key for determining watlity in Blueberry Pond, one of the
next steps is to determine the sources and magnitudhosphorus. Once this is completed,
community discussions and cost estimates can belptermine what combination of
phosphorus management strategies will be adoptesirtediate Blueberry Pond. Understanding
the sources and magnitude of phosphorus is ustatig through the development of a
phosphorus budget.
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Figure VI-10. Blueberry Pond: Average dissolvegigen concentrations (June through September, 2001)

Graph shows average DO profile based on data bet2@@1 and 2007 plus profiles based on maximurmmandnum readings at

each depth. Also shown is state surface watemé{p@ standard for cold water fisheries (314 CMR Mlpst depths have 34

readings.
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Figure VI-11. Blueberry Pond: Secchi transparameyings 2001-2007

Blue data points are Secchi depth readings, whalgos depth measurements are shown in pink. &tkhdollected by Brewster
volunteers. Station depth has an increasing tosed the sampling period; this is expected sinceigdwater levels also increased
during the period and pond elevations are relaiegtdundwater elevations. However, Secchi readiwvgs the period do not have a
trend, which seems to indicate worsening conditidnsaddition, Secchi readings fluctuate over iy Varge range (40% of the total
depth), which is also indicative of an impairedteys. Secchi readings are 47% of the total deptthempond on average.
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As mentioned above, the phosphorus budget will @aatcfor all the various sources
entering the pond water. Most of the sources lvalfrom the watershed, but the pond sediments
can also be an internal source. None of thesessirave been measured directly, but
information developed on ponds and lakes in sinsigtings can be used to develop a reasonable
estimate. More detailed Blueberry Pond-specifiasaeements would be necessary to refine the
results presented here and are recommended fda&eys such as road runoff, bird loading,
and sediment regeneration.

In order to begin to develop a watershed phosphaudget for Blueberry Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethini300 feet of the pond (see Figure V-4), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phospholase to the pond. Once this information
was developed, project staff narrowed the lish®groperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Tdk8eo estimate a watershed phosphorus
load.

Based on this land use review, there are 35 priegestholly or partially within the 300 ft
buffer upgradient of Blueberry Pond; 26 of them sirggle family residences. There is also a
portion of the Ocean Edge reso8ol's Pond is located in the Blueberry’s watersjustl beyond
the 300 ft buffer. None of the residences are eoted to the municipal water supply based on
2002 to 2004 water use and are assumed to gewhtdr from private wellsEleven of the
properties have septic system leachfields withid f&é@t of the pond shore; the average distance
for these systems is 165 feet. Average age oetresdential septic systems is 19 years old with
a total Title 5 design flow of 4,620 gallons peyd&Jsing average residential water use in
Brewster, total estimated water use is 1,929 gpowghly half of the septic system design flow.
Volunteers reviewing BOH records also noted thagddcEdge has a septic system leachfield
with a 13,640 gpd design flow located 465 ft frdme shoreline; this is a relatively large
distance, but large discharges can speed phosptiansport. It is unclear whether this
discharge is having an impact, but further analigsiecommended. Based on the age of the
septic systems within the 300 ft buffer, distarcéhe pond, and the range of retention factors
discussed above, septic systems are annually loonihg between 3.2 and 4.1 kg of phosphorus
to Blueberry Pond with an estimated future steddiedoad of 12 kg (Figure VI-12).

The remaining sources of phosphorus loading (ruteffns, birds, and precipitation),
without including an estimate for internal sedimesgeneration, total between 3.3 to 6.7 kg.
This includes an estimate of 40,000 square fetdrtfized golf course area associated with the
portion of the Ocean Edge Resort course that isinvR0O ft of the pond shoreline and inside the
watershed. Within these loads, the sources tleath@ most uncertain are road runoff and birds;
the wide range of these factors is evident in tbleénging percentages of the high and low
loading estimates in Figure VI-12. Gathering ofi&derry Pond-specific information is
recommended to clarify these particular factors.

Based on the phosphorus loading analysis, the atoadiof phosphorus entering

Blueberry Pond is between 6.5 and 10.7 kg. Rewvigwhe water quality data can provide a
reliability check on the average mass of phosphor@ueberry Pond. After reviewing the 17
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Figure VI-12. Blueberry Pond: Estimated annualggihorus budget

High and low estimates based on factors discuss8edtion V.3 and presented in Table V-3. Aveiagake mass, corrected for
residence time, results in an annual load of 4dged on measured water quality data (n=17 samplimg). Contribution of seasonal
phosphorus regeneration from the sediments isleat rom available data, but has been estimat8kgtbased on average mass in
the pond; it is likely the source of the remaindithe phosphorus measured in the pond. It ismeesended that this be measured
directly through collection and testing of sedimenites. Based on the age of upgradient septiemyleachfields and their distance
to the shoreline, 11 of the 26 systems within af8@differ are contributing phosphorus to the poRthad runoff and bird loads are
the most uncertain and it is recommended thatave evaluate these with targeted data collectloads include an estimated
fertilizer load from golf course areas within the@03ft buffer and upgradient of the pond; furtharification of potential future
wastewater loads from Ocean Edge is recommended.
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sampling runs completed between June and Septearbaverage of 12.8 kg of phosphorus is in
the water column of Blueberry. Since the residdimoe of water in the pond is 1.8 years (see
Table V-1), this means that roughly 7 kg of phospkas being added to the water column each
year. This conclusions from this calculation mustsomewhat tempered because the mass in
the pond includes the contribution of sediment negation. If a correction is made based on the
average load in the deep waters, approximately gekg/ear is entering the pontdhese
calculations suggest that the overall mass caledlatr the phosphorus budget is reasonable, but
it does not clarify the components of the load

Sediment regeneration is not included in the phosghbudget estimates. Review of TP
concentrations measured in the shallow and deepleargenerally show deep concentrations
that are three times surface concentrations. Becdata was not generally collected in early
spring, reasonable estimates of sediment regeaeridioughout the summer cannot be made,
but review of available data generally show thénbgl concentrations in August or September.
It is recommended that the town consider samplintgesediments to develop a better idea of
their contribution to the measured phosphorus enpibnd.

Overall, it is recommended that the town considesping some additional
characterization of load components/sources béf@down pursues remedial activities. It is
recommended that the Town target these effortsriiwd) characterizing phosphorus flow into
and out of the sediments, 2) measuring local phargghinputs from road runoff, and 3) getting a
better understanding of the bird populations tis&t Blueberry Pond. In addition, it is also
recommended that the potential future impact ofaddedge Resort be revisited. These
activities could be combined with complimentaryoet that will provide all the information
necessary to develop a phosphorus TMDL for Blughiéand and the necessary phosphorus
reduction steps to meet the TMDL. These stepsaNdlw the town to develop management
strategies that can be confidently pursued

In order to address these recommendations, SMASTrecommend that these efforts
include the following tasks, at a minimum: 1) eclion and incubation of a minimum of three
sediment sample cores to determine phosphorusrdantd regeneration potential related to
dissolved oxygen thresholds, 2) a whole year oénlaion of bird populations on the pond,
including identification of species, and 3) a syreé stormwater systems and measurement of
runoff near Blueberry Pond with regular testingled phosphorus content of the runoff. Itis
also recommended that occasional water quality kesge collected from the pond using the
standard PALS sampling depths to provide an intedranapshot of the pond conditions and
help to better understand sampling conditions duttiis period compared to average conditions.

Depending on how well the recommended informatielpsto settle the phosphorus
budget, the town may also want to consider the detiop of a comprehensive plant survey. In
most Cape Cod ponds, the algal/phytoplankton podidhe plant community is very dominant
and the relationship between phosphorus and porgl/siems conditions is very strong. But in
some impaired and/or heavily used porelg(Long Pond in Barnstable), this relationship can
be skewed by conditions that have created an extersoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplEnts and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
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plants. Observations from PALS samplers betwe@&1 2id 2007 have not noted extensive
plant coverage in Blueberry, but it may be usetuirh the development of remedial options to
have a more definitive assessment. Although bevyleadcope of this project, SMAST is
available to assist the town in evaluating whetheomprehensive plant survey should be
recommended for Blueberry Pond.

SMAST staff have estimated that the cost of a stdoxle project at Blueberry Pond for
these recommended activities between $22,000 ab@®2 with another $10,000 to $12,000 for
combining this information with past informationcadeveloping water quality management
strategies and a recommended TMDL. A rooted @antey, including mapping, transects and
species identification, would have an estimated abbetween $7,000 and $9,000. Significant
potential savings might be realized by completimgse recommended analyses on a number of
ponds and/or by incorporating citizen volunteer twin staff participation where appropriate.
SMAST staff can discuss strategies with town sdaft provide the town with a detailed scope of
work if requested.

In addition, although the target watershed redustiaxe not clear at this point,
application of relatively low cost, homeowner-iated, best management practices around the
pond shoreline would help to reduce external whtatdoads. These practices would include: 1)
maintaining, planting, or allowing regrowth of netlibuffer areas between the pond and
lawns/yards/houses and 2) installing treatmenbofaedirecting any direct stormwater runoff.
Review of the potential benefits and costs of theous nutrient management options could be
evaluated as part of a slight expansion of thevitiets recommended above.

VI.4. Walkers Pond

Walkers Pond is a 102 acre pond located just tedse of Slough and Pine Ponds, which
are also within Walkers watershed, just to themoftElbow Pond, and to the west of Seymour
Pond, which is also in Walkers watershed (see Eija4). Walkers has the third largest area of
the Brewster ponds selected for detailed reviewjdthe shallowest of those selected. Walkers
is approximately 2.4 m deep (=8 ft). Walkers soahe uppermost pond of the series of ponds
leading to Stony Brook; Upper Mill and Lower Milteathe other two ponds leading to the brook.

Temperature data collected between 2001 and 20®¥sstinat the water column in
Walkers is well-mixed; temperatures at all depttesraore or less the same throughout the
summer (Figure VI-13). It should be noted thatpgenatures since 2004 have an increasing
trend of approximately°C per year. Based on the temperatures, Walkerddmeikclassified as a
warm water fishery under state surface water reéiguis (314 CMR 4). Under the regulations,
warm waters are required to have dissolved oxygecentrations of 5 ppm or greater.
Although there are infrequent dissolved oxygen eotrations lower than 5 ppm, average
summer concentrations are above this regulatony (Figure VI-14).
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Figure VI-13. Walkers Pond Temperature and DO Regsd2001-2007
Temperature data shows well-mixed water column githerally consistent water column
temperatures throughout the year. Dissolved oxygegentrations show relatively large
fluctuations during the summer, but most conceiatnatare above state regulatory minimums.

All data collected by Brewster volunteers using D&nhp meters, including data from PALS
Snapshots from 2001 to 2007.
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Figure VI-14. Walkers Pond: Average dissolvedgety concentrations (June through September, 2007)20
Graph shows average DO profile based on data bet@@@1 and 2007 plus profiles based on maximunmaindnum readings at

each depth. Also shown is state surface watemd{p@ standard for warm water fisheries (314 CMR @jation depths have
between 16 and 46 readings. All station concentratexceed the state regulatory standard for diss@xygen.
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It should also be noted, however, that the suminetuations in dissolved oxygen
concentrations are relatively large and includest@ginstances of supersaturation. These kinds
of fluctuations and supersaturation events arergédgeeen in impaired systems with large
phytoplankton populations and sediment oxygen den(@xy, Eichner, 2004).

However, because dissolved oxygen, temperaturepldnéadings are the only current,
formal regulatory limits for pond water quality,ist project staff opinion that Walkers Pond
would not be classified by the state Departmerrofironmental Protection as an impaired
water under 314 CMR 4. It should be noted, howebat all the other water quality measures
suggest that Walkers is impaired by excessiveenisi DEP does not have numeric standards
for nutrients.

Average total phosphorus and chloroplationcentrations are more than five and 10
times their respective Cape Cod-specific thresh@fgppb and 1.7 ppb, respectively)(Eichner
and others, 2003). The average relative Secctingas only 32%, which is surprising in such a
shallow pond. Overall Secchi readings are relstisgable, which indicates that conditions are
not worsening (Figure VI-15). The best relative @eceading in Brewster is Little Cliff Pond at
79% (see Figure 111-2).

Review of nitrogen to phosphorus ratios in Walksrew that the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond. Average surface N to P ratio durimgelthrough September is 34; generally water
concentrations ratios above the Redfield ratio@ade phosphorus limited (Redfield and others,
1963). As would be expected for such a well-migedd, the average N to P ratio in deep
waters is approximately the same (31) as the seiraters.

Since phosphorus is the key for determining watelity in Walkers Pond, one of the
next steps is to determine the sources and magnatupdhosphorus. Understanding the sources
and magnitude of phosphorus is usually done throlglievelopment of a phosphorus budget.
Most of the sources in the budget will be from wetershed, but the pond sediments can also be
an internal source. None of these sources haverbheasured directly, but information
developed on ponds and lakes in similar settingsbeaused to develop a reasonable estimate.
More detailed Walkers Pond-specific measurementdoMee necessary to refine the results
presented here and are recommended for key fagiiorsas road runoff, bird loading, and
sediment regeneration.

In order to begin to develop a watershed phosphoudget for Walkers Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethini300 feet of the pond (see Figure V-4), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phospholase to the pond. Once this information
was developed, project staff narrowed the lish®groperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Tdk8eo estimate a watershed phosphorus
load.
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Figure VI-15. Walkers Pond: Secchi transpareeeglmgs 2001-2007

Blue data points are Secchi depth readings, whaléos depth measurements are shown in pink. @t dollected by Brewster

volunteers. Neither station nor Secchi depths laadiscernable trend over the sampling period.cl8eeadings are 32% of the total
depth on the pond on average, which is third wamsbng ponds shallower than 5 m.
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Based on this land use review, there are 40 priegestholly or partially within the 300 ft
buffer upgradient of Walkers Pond; 21 of them angls family residences and 13 are
government owned properties. The other propestie$ undeveloped parcels, two of which are
classified as developable, and one multi-familydesce. None of the Brewster residences are
connected to the municipal water supply based @2 20 2004 water use and are assumed to get
their water from private wells. Thirteen of thasg single family residences and one
government property (Camp Mitton) have septic sydachfields within 300 feet of the pond
shore; the average distance for these leachfigl@i84 feet. Average age of these residential
septic systems is 22 years old with a total TitteSign flow of 4,510 gallons per day. Camp
Mitton has a septic system with a design flow &6D, gpd. Using average single family
residence water use in Brewster, total estimateideatial water use is 2,279 gpd or roughly half
of the septic system design flow. Based on thechgiee septic systems, distance to the pond,
and the range of retention factors discussed al#bie 10 of the residential septic systems are
contributing phosphorus to Walkers Pond (Figurel@)- The wastewater load from Camp
Mitton is projected to reach the pond between Y&gears. The residential systems are
contributing 1.8 to 4.5 kg/yr of wastewater phogpiscand will contribute 5.9 kg/y at steady
state.

The remaining sources of phosphorus loading (ruteffns, birds, and precipitation),
total between 4 to 16 kg without including an estienfor internal sediment regeneration.
Within these loads, the sources that are the masdrtain are road runoff and birds; the wide
range of these factors is evident in their changiagentages of the high and low loading
estimates in Figure VI-16. It should be noted thatonly downgradient area around Walkers
Pond is the small portion of the isthmus betweernkéfa and Upper Mill, so watershed
phosphorus sources come from both the east andswiest of the pond (see Figure V-4).
Gathering of Walker Pond-specific information isaenmended to clarify both road runoff and
bird phosphorus loading.

Based on the phosphorus loading analysis, the atoadiof phosphorus entering
Walkers Pond is between 6 and 21 kg. Reviewingvdter quality data can provide a reliability
check on the loading analysis. After reviewing tivee sampling runs completed between June
and September, an average of 89 kg of phosphormghe water column of Walkers. Since the
residence time of water in the pond is 1.0 yeas {&ble V-1), this means that 89 kg of
phosphorus is being added to the water column ge&h This calculation suggests that there is
a large phosphorus source that is unaccounted fibieiloading analysis and that this source is
likely related to past historic uses around thecphon

The likely source of this unaccounted load is thdiments regenerating phosphorus.
Although the dissolved oxygen analysis does notvsieerage concentrations lower than state
standards, there are occasional drops in conciamtridat suggest that there is regular sediment
oxygen demand. Given Walkers relatively high efieva it is likely that the oxygen demand is
usually met by winds blowing across its surface maaixing atmospheric oxygen into the water
column. This mixing likely masks the demand arel¢bdiment regeneration of phosphorus
because any regenerated phosphorus would be rapixid into the water column. More
refined sampling of the sediments and continuousitoong of dissolved oxygen concentrations
would be necessary to further evaluate the sedimvater column interactions.
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Figure VI-16. Walkers Pond: Estimated annual phosus budget

High and low estimates based on factors discuss8edtion V.3 and presented in Table V-3. Aveiagake mass, corrected for
residence time, results in an annual load of 8Bdged on measured water quality data (n=9 samplimg). Contribution of seasonal
phosphorus regeneration from the sediments isleat tom available data; it is likely the sourdelee remainder of the phosphorus
measured in the pond. It is recommended thabthimeasured directly through collection and testingediment cores. Based on
the age of upgradient septic system leachfieldstlagid distance to the shoreline, 4 to 10 of thesyigems within a 300 ft buffer are
contributing phosphorus to the pond. Road runodf laird loads are the most uncertain and it ismenended that the town evaluate
these with targeted data collection.

74



Under the usual interpretation of state surfaceemagulations, Walkers Pond is not
impaired and does not require a TMDL. Howevergldasn ecological standards developed for
Cape Cod ponds, it is impaired and will likely etteally meet the dissolved oxygen criteria that
the state DEP uses for establishing whether a TMDEquired. So at this point, it is up to the
Town of Brewster about how to respond to the wateity conditions in Walkers Pond.

If the town wishes to address the ecosystem imgaitnm Walkers, it is recommended
that the town consider pursuing some additionataidtarization of load components/sources
before the Town pursues remedial activities. tetsommended that the Town target these
efforts toward: 1) characterizing phosphorus fiat and out of the sediments, 2) measuring
local phosphorus inputs from road runoff, and 3)igg a better understanding of the bird
populations that use Walkers. These activitiedccba combined with complimentary efforts
that will provide all the information necessarydievelop a phosphorus TMDL for Walkers Pond
and the necessary phosphorus reduction steps totineeEMDL. These steps will allow the
town to develop management strategies that caoifeently pursued.

In order to address these recommendations, SMASTrecommend that these efforts
include the following tasks, at a minimum: 1) eclion and incubation of a minimum of three
sediment sample cores to determine phosphorusrdarid regeneration potential related to
dissolved oxygen thresholds, 2) a whole year oéplaion of bird populations on the pond,
including identification of species, and 3) a syre¢ stormwater systems and measurement of
runoff near Walkers with regular testing of the gbloorus content of the runoff. SMAST may
also be able to provide access to continuous diedalxygen meters that would allow a better
guantification of sediment oxygen demand. It sbalecommended that occasional water quality
samples be collected from the pond using the stdrfllALS sampling depths to provide an
integrated snapshot of the pond conditions and toetyetter understand sampling conditions
during this period compared to average conditions.

Depending on how well the recommended informatielpsto settle the phosphorus
budget, the town may also want to consider the detiop of a comprehensive plant survey. In
most Cape Cod ponds, the algal/phytoplankton podidhe plant community is very dominant
and the relationship between phosphorus and pargl/siems conditions is very strong. But in
some impaired and/or heavily used porelg(Long Pond in Barnstable), this relationship can
be skewed by conditions that have created an exgersoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplents and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
plants. Observations from PALS samplers betwe®i 2td 2007 have not noted extensive
plant coverage in Walkers, but it may be usefulrduthe development of remedial options to
have a more definitive assessment. Although bevyieadcope of this project, SMAST is
available to assist the town in evaluating whetheomprehensive plant survey should be
recommended for Walkers Pond.

SMAST staff have estimated that the cost of a stdone project at Walkers Pond for
these recommended activities between $32,000 ab@@3 with another $10,000 to $12,000 for
combining this information with past informationcadeveloping water quality management
strategies and a recommended TMDL. A rooted @antey, including mapping, transects and
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species identification, would have an estimated ebbetween $8,000 and $10,000. Significant
potential savings might be realized by completimgse recommended analyses on a number of
ponds and/or by incorporating citizen volunteer towin staff participation where appropriate.
SMAST staff can discuss strategies with town staff provide the town with a detailed scope of
work if requested.

If the town chooses to wait on addressing the estesy impairments in Walkers Pond, it
is recommended that the town continue to colledcenguality samples at least twice a year
(once in April and another in August or Septemlaed that this sampling include regular
dissolved oxygen readings to gauge whether wataitguonditions fail to attain state
regulatory standards.

Regardless of the action chosen by the town, thiere number of best management
practices that can be pursued to ensure that vatteads are minimized. These include
maintenance of the natural shoreline buffers addeeting any direct stormwater runoff. These
practices are relatively lost cost best managemeatices. More refined review of the potential
benefits and costs of the various nutrient managéwm@aions could be evaluated as part of a
slight expansion of the activities recommended abov

VI.5. Upper Mill Pond

Upper Mill Pond is a 260-acre pond that is locdtethe north of Walkers Pond and east
of Canoe (see Figure V-1). ltis the largest efponds selected for detailed review and is 8.5 m
(~28 ft) deep.

Temperature data collected between 2001 and 2G®¥sstinat Upper Mill's water
column is generally well mixed with slightly coldemperatures with increasing depth (Figure
VI-17). On average, only the deepest waters (<i#eovolume) meet the state regulatory limit
for cold-water fisheries (20°C or less), so Uppédlt 8hould be classified as a warm water
fishery. As such, state surface water regulat{8td4 CMR 4) require the pond to have
dissolved oxygen concentrations of 5 ppm or abdye.average, waters 7 m and deeper fail to
attain 5 ppm dissolved oxygen, the deep waterggpeoximately 6% of the total pond volume
(Figure VI-18).

Based on dissolved oxygen concentrations only, Uppkis borderline impaired.
When other water quality information is considerigds clear that Upper Mill is clearly
impaired. Average total phosphorus and chlorophgtbncentrations at all depth stations,
throughout the water column, are above their resge€ape Cod pond water quality thresholds
(Eichner and others, 2003). The deep waters hes@smnal anoxia (DO concentrations < 1
ppm). Average total phosphorus concentrationetifepest station (~ 7 m) is more than twice
the surface concentration, which indicates sigarftaegeneration of phosphorus from the
sediments. Average Secchi transparency readmegal86 of the total pond volume, which is
the second lowest percentage among all the BreWwsteds (Cliff is the worst: 16%) (Figure
VI-19). When all these measures are consideregthieg, it is clear that Upper Mill should be
considered impaired under state surface wateratgnk. Under the state and federal Clean
Water Acts, impaired waters are required to hatetad maximum daily load (TMDL) for the
contaminant that is causing the impairment. StheeMlassachusetts Department of
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Figure VI-17. Upper Mill Pond Temperature and D@€aRlings 2001-2007
Temperature data shows well-mixed water column githerally consistent water column
temperatures throughout the year. Dissolved oxygegentrations show relatively large
fluctuations during the summer with concentrati@dma and deeper regularly below state surface
water regulatory limits. All data collected by Br&ter volunteers using DO/Temp meters,
including data from PALS Snapshots from 2001 to7200
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Figure VI-18. Upper Mill Pond: Average dissolvexiygen concentrations (June through September,-2007)

Graph shows average DO profile based on data bet@2@®l and 2007 plus profiles based on maximunmandmum readings at
each depth. Also shown is state surface watemd{p@ standard for warm water fisheries (314 CMR Mipst station depths have

between 33 and 34 readings. The two deepestrstdienve average concentrations below the statéategustandard for dissolved
oxygen and anoxic concentrations (< 1 ppm) have lzen recorded at these stations.
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Figure VI-19. Upper Mill Pond: Secchi transpaneneadings 2001-2007

Blue data points are Secchi depth readings, whiléos depth measurements are shown in pink. @t dollected by Brewster
volunteers. Neither station nor Secchi depths laadiscernable trend over the sampling period.cleeadings are 21% of the total
depth on the pond on average, which is second \aaorehg all Brewster ponds.
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Environmental Protection implements the state serfaater regulations, this opinion would
need to be submitted to MassDEP in order to geffiaitive ruling.

Review of nitrogen to phosphorus ratios in Uppell Biow that the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond and, therefore, is the nutrient/conteami that should be targeted for a TMDL.
Average surface N to P ratio during June througtteSeber is 43; generally water
concentrations ratios above the Redfield ratio@ade phosphorus limited (Redfield and others,
1963). At the deep station, which is influencedé&yeneration of nutrients from the sediments,
the average N to P ratio is 38, which indicates thare phosphorus than nitrogen is being
regenerated.

Since phosphorus is the key for determining watadity in Upper Mill, one of the next
steps is to determine the sources and magnitugkasdphorus. Once this is completed,
community discussions and cost estimates can belptermine what combination of
phosphorus management strategies will be adopteziriediate Upper Mill Pond.
Understanding the sources and magnitude of phosph®usually done through the
development of a phosphorus budget.

As mentioned above, the phosphorus budget will @aatcfor all the various sources
entering the pond water. Most of the sourceslvalfrom the watershed, but the pond sediments
can also be an internal source. None of thesessirave been measured directly, but
information developed on ponds and lakes in sinsiétings can be used to develop a reasonable
estimate. More detailed Upper Mill Pond-specifieaaurements would be necessary to refine
the results presented here and are recommendgdyfdactors such as road runoff, bird loading,
and sediment regeneration.

In order to begin to develop a watershed phosphaudget for Upper Mill Pond, town
volunteers reviewed Board of Health (BOH) recoldétermine the distance between the pond
and septic system leachfields for all propertiehini300 feet of the pond (see Figure V-4), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phosgholase to the pond. Once this information
was developed, project staff narrowed the lishgroperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Tel8&o estimate a watershed phosphorus
load.

Based on this land use review, there are 96 priegestholly or partially within the 300 ft
buffer upgradient of Upper Mill Pond; 67 of whicteasingle family residences and 9 are
developable residential parcels. None of the exgids are connected to the municipal water
supply based on 2002 to 2004 water use and arenagsio get their water from private wells.
Thirty-eight of the existing residences have sepystem leachfields within 300 feet of the pond
shore; the average distance for these systemglite#f Average age of these residential septic
systems is 19 years old connected to a housesthat iaverage, 10 years old. These septic
systems have a total Title 5 design flow of 18,§800ns per day. Using average single family
residence water use in Brewster, total estimatadnse is 6,662 gpd or roughly a third of the
septic system design flow. Based on the age of¢péc systems, distance to the pond, and the
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range of retention factors discussed above, 13 tof 2he septic systems are currently
contributing between 6 and 11 kg of wastewater phosis annually to Upper Mill Pond

(Figure VI-20). At steady state, these systembaaihtribute 17 kg/yr of wastewater phosphorus
and at BO the load is projected to increase togZ§rk

The remaining sources of phosphorus loading (ruteffns, birds, and precipitation),
total between 10 to 43 kg/yr without including atimate for internal sediment regeneration.
Within these loads, the sources that are the mmastrtain are road runoff and birds; the wide
range of these factors is evident in their changiaigentages of the high and low loading
estimates in Figure VI-20. Gathering of Upper NRibnd-specific information is recommended
to clarify both of these factors.

Based on the phosphorus loading analysis, thedatalal load of phosphorus entering
Upper Mill Pond is between 16 and 54 kg. Revievtimgwater quality data can provide a
reliability check on the loading analysis by caltulg the average mass of phosphorus in Upper
Mill Pond. After reviewing the 11 sampling rucempleted between June and September, an
average of 345 kg of phosphorus is in the watarroal of Upper Mill with an average of 15% in
the waters 7 m and deeper. Since the resideneediinvater in the pond is 3.6 years (see Table
V-1), this means that roughly 96 kg of phosphosulsaing added to the water column each year.

The phosphorus budget to Upper Mill is further ctiogted by trying to understand the
connections between Upper Mill and both Canoe aatk#v¥s Pond. Canoe is in the watershed
to Upper Mill, but the only significant way it caontribute to Upper Mill's phosphorus budget
is if there is a direct connection to Upper MiRrevious discussions with local observers of
Canoe indicated that there is occasional connetdidspper Mill. It is beyond the scope of the
current project to complete an evaluation of tmgact, but it is recommended that additional
field visits include a more refined review of tipistential connection.

More significantly, Walkers Pond is directly upgieat of Upper Mill and the only
direction that its water can move out of the pantbwvard Upper Mill. If all the water
exchanged out of Walkers entered Upper Mill withatiénuation of phosphorus, an additional
89 kg/y would enter Upper Mill and provide a bettatance for the phosphorus budget. The
actual amount that reaches Upper Mill would likieéysignificantly reduced because there
appears to be only a small direct surface watenection between the two ponds. The size of
this connection suggests that the majority of tisetdhrge into Upper Mill is via groundwater,
which would also mean that a large portion of tbeoanpanying phosphorus would be
attenuated and the load from Walker would be redludeis recommended that further
evaluation of Upper Mill in anticipation of prepéicm of a TMDL include characterization of
the surface water connection between Walkers ametJdill and quantification of the load
transferred to Upper Mill from Walkers.
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Figure VI-20. Upper Mill Pond: Estimated annubhbpphorus budget

High and low estimates based on factors discuss8edtion V.3 and presented in Table V-3. Aveiagake mass, corrected for
residence time, results in an annual load of 96dged on measured water quality data (n=11 samplimg). The remainder of the
annual load is likely a combination of contributiohseasonal phosphorus regeneration from the sedsnand from Walkers (and
possibly Canoe); further information would necegsarquantify the percent contribution of eachla#de sources. It is recommended
that the sediments be measured directly throudhatmn and testing of sediment cores and measuneof¢he surface water
connections can help to clarify Walker and Canadrdoutions. Based on the age of upgradient segystem leachfields and their
distance to the shoreline, 13 to 24 of the 67 esgidl septic systems within a 300 ft buffer aratabuting phosphorus to the pond.
Road runoff and bird loads are the most uncertathitis also recommended that the town evaluasethvith targeted data
collection.
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Sediment regeneration is not included in the phoreus budget estimates, but the water
guality data suggests that it is a component ofiteasured mass in the pond. There is a regular
concentration gradient from the sediments to thiem@lumn in all summer sampling runs on
Upper Mill. With the regular mixing indicated blyet temperature profiles, any regenerated
phosphorus would be rapidly mixed into the reghefwater column. Unfortunately, most of the
available dataset has samples generally collentedd-summer, so calculations cannot be made
showing regeneration, which would generally be ghbwy an increase in TP concentrations as
summer progresses. Itis recommended that the towsider sediment characterization in order
to better define this component of the phosphoudgbt and be able to better define remedial
activities to achieve a TMDL for Upper Mill Pond.

Overall, it is recommended that the town considesping some additional
characterization of load components/sources béf@down pursues remedial activities. It is
recommended that the Town target these effortsriiwd) characterizing phosphorus flow into
and out of the sediments, 2) measuring local phagshinputs from road runoff, 3) getting a
better understanding of the bird populations tisat Upper Mill Pond, and 4) characterizing the
water and phosphorus flows from Canoe and Walkemsl® The inflows of water and
phosphorus should also be paired with outflow mesamants to Lower Mill Pond. These
activities could be combined with complimentaryoetf$ that will provide all the information
necessary to develop a phosphorus TMDL for Uppdir®Réind and the necessary phosphorus
reduction steps to meet the TMDL. These stepsaNdlwv the town to develop management
strategies that can be confidently pursued.

In order to address these recommendations, SMASTrecommend that these efforts
include the following tasks, at a minimum: 1) eclion and incubation of a minimum of three
sediment sample cores to determine phosphorusrdantd regeneration potential related to
dissolved oxygen thresholds, 2) a whole year oénlaion of bird populations on the pond,
including identification of species, 3) a surveystdrmwater systems and measurement of runoff
near Upper Mill Pond with regular testing of theopphorus content of the runoff, and 4)
monthly measurements for one year of flow and phosgs loads from Canoe and Walkers into
Upper Mill and matching measurements of outflov.éaver Mill Pond. It is also recommended
that occasional water quality samples be collefrau the pond during these efforts using the
standard PALS sampling depths in order to providentegrated snapshot of the pond conditions
and help to better understand sampling conditiamsg this period compared to average
conditions.

Depending on how well the recommended informatielpsto settle the phosphorus
budget, the town may also want to consider the ¢etop of a comprehensive plant survey. In
most Cape Cod ponds, the algal/phytoplankton podidhe plant community is very dominant
and the relationship between phosphorus and pargl/siems conditions is very strong. But in
some impaired and/or heavily used porelg(Long Pond in Barnstable), this relationship can
be skewed by conditions that have created an extersoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplEnts and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
plants. Observations from PALS samplers betwe@&1 20id 2007 have not noted extensive
plant coverage in Upper Mill, but it may be useduting the development of remedial options to
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have a more definitive assessment. Although beyleadcope of this project, SMAST is
available to assist the town in evaluating whetheomprehensive plant survey should be
recommended for Upper Mill Pond.

SMAST staff have estimated that the cost of a stdoe project at Upper Mill Pond for
all these recommended activities for between $42g0@ $45,000 with another $10,000 to
$12,000 for combining this information with pastairmation and developing water quality
management strategies and a recommended TMDL.ot&dglant survey, including mapping,
transects and species identification, would havestimated cost of between $8,000 and
$10,000. Significant potential savings might balimed by completing these recommended
analyses on a number of ponds and/or by incorpayaitizen volunteer and town staff
participation where appropriate. SMAST staff c&tdss strategies with town staff and provide
the town with a detailed scope of work if requested

In addition, although the target watershed redusti@re not clear at this point,
maintenance of the natural buffers that generaityr@directing any direct stormwater runoff are
relatively lost cost best management practicesdduatoe pursued. These activities would help
to minimize external watershed phosphorus loadsvidev of the potential benefits and costs of
the various nutrient management options could laduated as part of a slight expansion of the
activities recommended above.

VI.6. Lower Mill Pond

Lower Mill Pond is a 49-acre pond that is locatedhte north of Upper Mill Pond and
south of Stony Brook Road (see Figure V-1). LoWdr is the terminus of a multi-pond
watershed that includes Upper Mill, Walkers, Seym&lough, and Pine. Itis also the
headwaters of Stony Brook, which discharges indoRhines Creek estuary. Lower Mill is 3.7
m (~12 ft) deep.

Temperature data collected between 2001 and 2Gf¥sstinat Lower Mill's water
column is generally well mixed with slightly coldemperatures with increasing depth; surface
and deepest waters generally have only a 3 to #f€eahce (Figure VI-21). All of depth
stations have average temperature exceeding tleerstpulatory limit for cold-water fisheries
(20°C or less), so Lower Mill should be classifeela warm water fishery. As such, state
surface water regulations (314 CMR 4) require thiedoto have dissolved oxygen concentrations
of 5 ppm or above. On average, waters 3.5 m aadatdail to attain 5 ppm dissolved oxygen,
these deep waters are less than 1% of the total yalome (Figure VI-22). Based on dissolved
oxygen concentrations only, Lower Mill is not impead under the state surface water
regulations.

However, when other water quality information isisiered, it is clear that Lower Mill
is impaired. The average surface total phosphaoasentration is three times the healthy Cape
Cod pond water concentration of 10 ppb, while tméage chlorophylh concentration is ten
times the corresponding chlorophyll a concentratibh.7 ppb (Eichner and others, 2003). The
average Secchi transparency reading is 34% obthkgond depth (Figure 1V-23). As a point
of comparison, Eel Pond, which is approximatelyshme depth as Lower Mill has an average
Secchi reading that is 57% of its total depth (Sgere 111-2). When all these measures are
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Figure VI-21. Lower Mill Pond Temperature and D@ddings 2001-2007
Temperature data shows well-mixed water column githerally consistent water column
temperatures throughout the year. Dissolved oxygegentrations show relatively large
fluctuations during the summer but most readingsagmove state surface water regulatory limits.

All data collected by Brewster volunteers using D&nhp meters, including data from PALS
Snapshots from 2001 to 2007.
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Figure VI-22. Lower Mill Pond: Average DO conceations (June through September, 2001-2007)

Graph shows average dissolved oxygen profile basathta between 2001 and 2007 plus profiles bas@daximum and minimum
readings at each depth. Also shown is state sudf@ater 5-ppm DO standard for warm water fishg3dg CMR 4). Station depths
have between 11 and 28 readings. Only the desfa&in has an average concentration below the tgtilatory standard for
dissolved oxygen and recorded anoxic concentratrorisppm). This pond volume at this station i84<af the total pond volume.
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Figure VI-23. Lower Mill Pond: Secchi transpargmeadings 2001-2007

Blue data points are Secchi depth readings, whiléos depth measurements are shown in pink. @t dollected by Brewster
volunteers. Neither station nor Secchi depths laadiscernable trend over the sampling period.cl8eeadings are 34% of the total
depth on the pond on average. This relative Seeelding can be compared to Eel Pond, which iscopately the same depth, and
has a relative Secchi reading of 57%.
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considered together, it is clear that Lower Milbald be considered impaired under state surface
water regulations. Under the state and federarCWater Acts, impaired waters are required to
have a total maximum daily load (TMDL) for the caminant that is causing the impairment.

Review of nitrogen to phosphorus ratios in Lowell Bhow that the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond. Average surface N to P ratio durimgelthrough September is 34; generally water
concentrations ratios above the Redfield ratio@afe phosphorus limited (Redfield and others,
1963). At the deep station, which is influenced-éyeneration of nutrients from the sediments,
the average N to P ratio is 26, which indicates thare nitrogen than phosphorus is being
regenerated.

Since phosphorus is the key for determining wateaity in Lower Mill, one of the next
steps is to determine the sources and magnitugkasphorus. Once this is completed,
community discussions and cost estimates can belptermine what combination of
phosphorus management strategies will be adoptezirtediate Lower Mill Pond.
Understanding the sources and magnitude of phosph®usually done through the
development of a phosphorus budget.

As mentioned above, the phosphorus budget willaatcfor all the various sources
entering the pond water. Most of the sourceslvalfrom the watershed, but the pond sediments
can also be an internal source. None of thesessirave been measured directly, but
information developed on ponds and lakes in sinsiétings can be used to develop a reasonable
estimate. More detailed Lower Mill Pond-specifieasurements would be necessary to refine
the results presented here and are recommendgdyfdactors such as road runoff, bird loading,
and sediment regeneration.

In order to begin to develop a watershed phosphaudget for Lower Mill Pond, town
volunteers reviewed Board of Health (BOH) recoldétermine the distance between the pond
and septic system leachfields for all propertiehini300 feet of the pond (see Figure V-4), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phosgholase to the pond. Once this information
was developed, project staff narrowed the lishegroperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Te8&o estimate a watershed phosphorus
load.

Based on this land use review, there are 21 priegestholly or partially within the 300 ft
buffer upgradient of Upper Mill Pond; 13 of whicteaingle family residences and 6 are
developable residential parcels. None of the exgids are connected to the municipal water
supply based on 2002 to 2004 water use and arenagsio get their water from private wells.
Ten of the existing residences have septic systachfields within 300 feet of the pond shore;
two additional residences do not have adequatenvation in their BOH records to calculated
distance to the shoreline. The average distanahédeachfields of the ten systems is 176 feet.
Average age of these residential septic syster®8 jgears old connected to a house that is, on
average, 37 years old. These septic systems hianal itle 5 design flow of 4,180 gallons per
day. Using average single family residence waserin Brewster, total estimated water use is
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1,753 gpd or roughly half of the septic systemgiesiow. Based on the age of the septic
systems and the houses, distance to the pondhandrige of retention factors discussed above,
nine of the septic systems are currently contritguf.1 kg of wastewater phosphorus annually to
Lower Mill Pond (Figure VI-24). At steady statbese systems will contribute 5.5 kg/yr of
wastewater phosphorus and at BO the load is pegdctincrease to 8.6 kg/yr.

The remaining sources of phosphorus loading (ruteffns, birds, and precipitation),
total between 2.9 to 8.9 kg/yr without includingestimate for internal sediment regeneration.
Within these loads, the sources that are the nmasdrtain are road runoff and birds; the wide
range of these factors is evident in their changiaigentages of the high and low loading
estimates in Figure VI-24. Gathering of Lower MRibnd-specific information is recommended
to clarify both of these factors.

Based on the phosphorus loading analysis, thedatalal load of phosphorus entering
Lower Mill Pond is between 7 and 13 kg. Reviewihg water quality data can provide a
reliability check on the loading analysis by caftinlg the average mass of phosphorus in Lower
Mill Pond. After reviewing the 14 sampling runswgpleted between June and September, an
average of 43 kg of phosphorus is in the waterroalof Lower Mill. Since the residence time
of water in the pond is 0.24 years (see Table i3, means that roughly 175 kg of phosphorus
is being added to the water column each year.

The phosphorus budget to Lower Mill is further cdicgted by trying to understand the
connections between Lower Mill and Upper Mill. Astmphotographs show that there is a
surface water connection between the two pondst ubeyond the scope of this project to
collect streamflow information. According to thenaial water budget, 4.6 million cubic meters
flows from Upper Mill to Lower Mill. Based on paskperiences on the Cape, the stream
connecting the two ponds does not appear to be Emgugh for this type of flow, but based on
Upper Mill’s average total phosphorus concentradiad this flow, the maximum mass of
phosphorus added to Lower Mill by Upper Mill would 86 kg/yr. Some portion of this load
would likely be retained during travel through 8teeam and it would be significantly
diminished if a large portion of the flow from Uppdill enters Lower Mill via groundwater. It
is recommended that additional field visits incl@deore refined review of this potential
connection.

This analysis indicates that in order to bringphesphorus budget into balance, there
needs to be another source of at least 75 kg/e ohty remaining significant unaccounted
source is sediment regeneration. Changes in d¢@ghosphorus concentrations are
inconclusive, largely because samples have not beléatted early in the spring. Additional
characterization of the sediments would be necgssaee how well it matches the calculated
budget shortfall.

Overall, it is recommended that the town considesping some additional
characterization of load components/sources béf@down pursues remedial activities. It is
recommended that the Town target these effortsribiwd) characterizing phosphorus flow into
and out of the sediments, 2) measuring local phagshinputs from road runoff, 3) getting a
better understanding of the bird populations tisa&t lbower Mill Pond, and 4) characterizing the
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Figure VI-24. Lower Mill Pond: Estimated annudlgsphorus budget

High and low estimates based on factors discuss8ection V.3 and presented in Table V-3. Aveiagake mass, corrected for
residence time, results in an annual load of 17bdged on measured water quality data (n=14 sagplims). The remainder of the
annual load is likely a combination of contributiohseasonal phosphorus regeneration from the seds@and from Upper Mill
Pond; further information would necessary to gqugikie percent contribution of each of these saurdeis recommended that the
sediments be measured directly through collecti@htasting of sediment cores and measurement clutiece water connections
can help to clarify Upper Mill contributions. Bakon the age of upgradient septic system leadisfahd their distance to the
shoreline, 10 of the 13 residential septic systestisin a 300 ft buffer are contributing phosphotaghe pond. Road runoff and bird
loads are the most uncertain and it is also recamdetthat the town evaluate these with targeteal catection.
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water and phosphorus flows from Upper Mill Poncheinflows of water and phosphorus

should also be paired with outflow measurements fupper Mill Pond. These activities could
be combined with complimentary efforts that wilbpide all the information necessary to
develop a phosphorus TMDL for Lower Mill Pond ahé hecessary phosphorus reduction steps
to meet the TMDL. These steps will allow the toterdevelop management strategies that can
be confidently pursued.

In order to address these recommendations, SMASTrecommend that these efforts
include the following tasks, at a minimum: 1) eclion and incubation of a minimum of three
sediment sample cores to determine phosphorusrdarid regeneration potential related to
dissolved oxygen thresholds, 2) a whole year oéplaion of bird populations on the pond,
including identification of species, 3) a surveystdrmwater systems and measurement of runoff
near Lower Mill Pond with regular testing of thegsbhorus content of the runoff, and 4)
monthly measurements for one year of flow and phosgs loads from Upper Mill into Lower
Mill and matching measurements of outflow from Laowaill to Stony Brook. It is also
recommended that occasional water quality sammelected from the pond during these
efforts using the standard PALS sampling depthadier to provide an integrated snapshot of
the pond conditions and help to better understantping conditions during this period
compared to average conditions.

Depending on how well the recommended informatielphto settle the phosphorus
budget, the town may also want to consider the detiop of a comprehensive plant survey. In
most Cape Cod ponds, the algal/phytoplankton podidhe plant community is very dominant
and the relationship between phosphorus and porgl/siems conditions is very strong. But in
some impaired and/or heavily used porelg(Long Pond in Barnstable), this relationship can
be skewed by conditions that have created an extersoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplEnts and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
plants. Observations from PALS samplers betwe&1 2id 2007 have not noted extensive
plant coverage in Lower Mill, but it may be usediuiring the development of remedial options to
have a more definitive assessment. Although bevyieadcope of this project, SMAST is
available to assist the town in evaluating whetheomprehensive plant survey should be
recommended for Lower Mill Pond.

SMAST staff have estimated that the cost of a stdoxe project at Lower Mill Pond for
all these recommended activities between $41,060544,000 with another $10,000 to $12,000
for combining this information with past informati@nd developing water quality management
strategies and a recommended TMDL. A rooted @antey, including mapping, transects and
species identification, would have an estimated abbetween $7,000 and $9,000. Significant
potential savings might be realized by completimgse recommended analyses on a number of
ponds, perhaps the whole watershed feeding Lowkdnd, and/or by incorporating citizen
volunteer and town staff participation where appiaip. SMAST staff can discuss strategies
with town staff and provide the town with a detdikzope of work if requested.

In addition, although the target watershed redustiare not clear at this point, maintenance of
the natural buffers that generally and redirecting direct stormwater runoff are relatively lost

91



cost best management practices that can be purJuesde activities would help to minimize
external watershed phosphorus loads. Review gbdbential benefits and costs of the various
nutrient management options could be evaluatecdpa slight expansion of the activities
recommended above.

VII.  Summary of Findings for Individual Pond Review
VII.1. Seymour Pond
183 acres (Great Pond under state law)
split between Brewster and Harwich
11 m (~36 ft) deep
Cold water fishery under state surface water reiguia (314 CMR 4)
Impaired water based on state regulations, requikéSL
Also impaired based on phosphorus and chloroghgtincentrations and Secchi
Phosphorus limited
TMDL should target phosphorus
48 properties wholly or partially within the 300uftiffer and upgradient; 34 of
them are single family residences with eight inwlah and 26 in Brewster
More refined information on internal sediment nertiregeneration, bird
populations, and road runoff are recommended tebttrget remedial
strategies to reduce phosphorus loads. Town nsayvehnt to consider a
rooted plant survey.

VII.2. Canoe Pond

14 acres (Great Pond under state law)

4 m (~13 ft) deep

Warm water fishery under state surface water reigns (314 CMR 4)

Impaired water based on state regulations, requiivéSL

Also impaired based on phosphorus and chloroghgtincentrations and Secchi

Phosphorus limited

TMDL should target phosphorus

7 properties wholly or partially within the 300dtiffer and upgradient; three of
them are single family residences and other foaidavelopable, residential
parcels

More refined information on potential connectionGanoe Pond, internal
sediment nutrient regeneration, bird populations|, ad runoff are
recommended to better target remedial strategiesdiace phosphorus loads.
Town may also want to consider a rooted plant surve

VII.3. Blueberry Pond
22 acres (Great Pond under state law)
Sol's Pond within watershed
7 m (=23 ft) deep
Cold water fishery under state surface water rdiguia (314 CMR 4)
Impaired water based on state regulations, requiivésL

92



Also impaired based on phosphorus and chloroghgtincentrations and Secchi

Phosphorus limited

TMDL should target phosphorus

35 properties wholly or partially within the 300dtiffer and upgradient; 26 of
them are single family residences along with aiporbf the Ocean Edge
resort

More refined information on internal sediment nertiregeneration, bird
populations, root plant population, and road ruroéf recommended to better
target remedial strategies to reduce phosphoraslofiown may also want to
consider a rooted plant survey.

VIl.4. Walkers Pond
102 acres (Great Pond under state law)
Slough, Pine, and Seymour Ponds within watershed

Uppermost pond of watershed to Lower Mill Pondfate connect to Upper Mill
Pond

2.4 m (-8 ft) deep

Warm water fishery under state surface water reigns (314 CMR 4)

Not impaired water based on dissolved oxygen staisda state regulations

Phosphorus and chlorophgiconcentrations and Secchi show pond is impaired

Phosphorus limited

TMDL should target phosphorus

40 properties wholly or partially within the 300uftiffer and upgradient; 21 of
them are single family residences and 13 are govenhowned properties

More refined information on potential connectiorpper Mill Pond, internal
sediment nutrient regeneration, bird populationsl, ad runoff are
recommended to better target remedial strategiesdiace phosphorus loads.
Town may also want to consider a rooted plant surve

VILS. Upper Mill Pond
260 acre pond (Great Pond under state law)

Middle pond of watershed to Lower Mill Pond, infldnom Walkers, outflow to
Lower Mill

potential inflow from Canoe

8.5 m (~28 ft) deep

Warm water fishery under state surface water reigns (314 CMR 4)

Borderline impaired water based on dissolved oxygjandards in state
regulations

Phosphorus and chlorophgiconcentrations and Secchi show pond is impaired

Phosphorus limited

TMDL should target phosphorus

96 properties wholly or partially within the 300dtiffer and upgradient; 67 of
them are single family residences and 9 are deablepesidential parcels

More refined information on connections to Walked & ower Mill Ponds,
potential connection to Canoe, sediment nutrieggmeration, bird
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populations, and road runoff are recommended tebttrget remedial
strategies to reduce phosphorus loads. Town nsayvehnt to consider a
rooted plant survey.

VII.6. Lower Mill Pond
- 49-acre pond (Great Pond under state law)

terminal pond in watershed that includes Walkeeyn$our, Slough, and Pine
Ponds

3.7 m (~12 ft) deep

Warm water fishery under state surface water reigus (314 CMR 4)

Not impaired water based on dissolved oxygen stalsda state regulations

Phosphorus and chlorophgiconcentrations and Secchi show pond is impaired

Phosphorus limited

TMDL should target phosphorus

21 properties wholly or partially within the 300tiffer and upgradient; 13 of
them are single family residences and 6 are deablepesidential parcels

More refined information on connections to Uppellond, sediment nutrient
regeneration, bird populations, and road runoffraoemmended to better
target remedial strategies to reduce phosphoraslofiown may also want to
consider a rooted plant survey.

VIIl. Next Steps
VIII.1. Future Citizen Monitoring

The available dataset for all the ponds considaretér this project is primarily due to
Brewster citizens volunteering to collect waterlgyalata. Review of the available data has
been used to create an initial assessment of thex gaality in all of the sampled ponds and
detailed review of selected ponds. It is recomnedrttiat monitoring of all ponds continue, but
that the monitoring frequency be reduced to twigear: once in April to establish pre-summer
water quality conditions for that year and oncAugust/September to evaluate what are likely
to be the worst water quality conditions of theryelais further recommended that PALS
Snapshot sampling protocols continue to be useddtir sampling rounds.

VIII.2. Detailed Review of Other Ponds

The detailed reviews of the six selected pondsatepresented above provide
assessments that can be used to judge whetheoitkds meet state regulatory standards, as well
as ecological status. However, in each case, tesessments identified other information needs
that will need to be addressed prior to evaluadiod costing of remedial options. It is
recommended that the Town consider similar detagedews for the other 22 ponds that have
citizen collected water quality data. Since theseds include most of the large ponds in town,
this step will allow the town to develop a bettense of how many of the ponds will require
remedial activities, as well what additional inf@tion will be required in order to assess
remedial options.
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VIII.3. Regulatory Status for Six Detailed Ponds

The six ponds with detailed reviews that includetexshed delineations, water and
phosphorus budgets, and limiting nutrients alliamgaired based on ecological measures, while
only select ones are impaired according to stajelations. Those that are defined as impaired
under state regulations will eventually be requi@tiave a TMDL defined and, based on
current DEP guidance, will need to have that TMdr@ssed through a comprehensive
wastewater management plan. It is recommendedhtbadtown consider filing all the ponds as
impaired during the 2010 round of the state’s irdégf list preparation (to satisfy federal
requirements under Sections 303d and 305b of thkarQlVater Act). The state’s response will
provide the town with guidance about how to appna@aenediation of these ponds, as well as
guidance on how similar conditions will be regarde@®rewster’s other ponds.

VIIl.4. Development of Recommended Information floe Six Detailed Ponds

The six ponds with detailed reviews have a nunob@dditional data needs that will help
to understand how their ecosystems work and, thilidhelp to better define what needs to be
done to remediate them. Some of this additiont dallection can be done by volunteers, some
by town staff, and some will require higher levethnical staff. SMAST staff can provide
guidance to the town in how to approach this datiection in ways that will save money while
addressing the technical requirements of the dataation. SMAST staff are willing to review
the recommended data collection, options for cbde¢c and potential costs with the Town.

IX. Conclusions

Cape Cod ponds are part of the regional aquifegesysnd, as such, are linked to
drinking water and coastal estuaries, as well ggpafiutants added to the aquifer. Until the
Cape Cod Pond and Lake Stewardship (PALS) programoneated, water quality in most Cape
ponds was limited to anecdotal information fromgdme residents.

The Cape Cod PALS program provides a focus for jpead concerns and staff from
Coastal Systems Program at the School of Marinen8eiand Technology (SMAST),
University of Massachusetts Dartmouth and the @@ Commission (CCC) provide training
and guidance to local volunteers about collectimagewquality samples, as well as discussing
pond water quality and use management. Volunte¢enguality sampling activities have led to
eight consecutive, annual PALS water quality snafsstwhich have included free laboratory
analysis through SMAST for any collected pond watglity samples, and citizen enthusiasm
has led to more grant-supported, citizen monitoviity) laboratory services provided through
the Cape Cod National Seashore. All these mongaactivities have created a large dataset of
volunteer-collected pond water quality data in nekdnalysis and interpretation.

Through funding provided by Barnstable County, SMAsSaff have been contracted by
the CCC to review the available laboratory andifighter quality data (over 10,000 data points)
collected by Town of Brewster volunteers from 2%¢® between 2001 and 2007. This review
also includes a detailed review of six ponds setebly the Town: Blueberry, Canoe, Seymour,
Walkers, Upper Mill and Lower Mill. These detailgubnd-specific reviews include delineation
of pond watersheds, development of water and plovaptbudgets, characterization of the ponds
ecological status, and recommendations for nepsste
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Review of the volunteer data from 29 Brewster pamasitored between 2001 and 2007
indicates that 24 of the ponds have average disdaxygen concentrations that fail to attain
minimum state regulatory thresholds in at leastsarapling station. The five ponds that meet
the state minimum dissolved oxygen standards atations are: Cahoon, Greenland, Smith,
Walker, and Little CIiff.

Review of other ecological factors show that altref ponds except for Higgins have at
least one station where the average concentraticeeds the Cape Cod ponds 1.7 ppb
chlorophylla standard. By this criterion, 28 of the 29 ponasimpaired. All of the ponds
except for Higgins, Little Cliff, Sheep, Slough,da@reenland have at least one station where the
average total phosphorus exceeds the Cape Cod fpbrujsb standard. These same ponds also
are the only ponds where average concentratioal$ stations are less than the Cape Cod ponds
0.31 ppm total nitrogen standard. The fact thatthtrient lists and the dissolved oxygen lists
are not the same reinforces the need to reviewntheidual characteristics of each pond.

Review of total nitrogen to total phosphorus rasbsw that all ponds are phosphorus
limited, which means that management of phosphaili®e the key for determining water
quality in these ponds. It also means that reduastin phosphorus will have to be part of any
remediation plans.

Six ponds were selected by the Town for more detaiéview by SMAST staff:
Blueberry, Seymour, Canoe, Walkers, Upper Mill, angver Mill. These detailed reviews
allow the review of water quality data completedha town-wide overview to be enhanced and
brought into a better context and understandingoef watershed and in-lake factors influence
the water quality that has been measured. Theadetkreviews incorporate watershed
information, development of water budgets to deteenmow water moves in an out of each
pond, and development of phosphorus budgets toumglprstand the likely sources of the
phosphorus in each individual pond. The phosphbudget development includes review of
surrounding land uses, which also allows projeaff $0 develop estimates of both existing and
future sources of phosphorus loads, better undetstee time of travel delays associated with
phosphorus transport in the aquifer, and identifyere additional information should be
gathered before remediation plans are implemented.

Because phosphorus moves very slowly in Cape Codeagonditions, it can take
decades for some loads, even from nearshore sauchsas septic systems, to reach a pond
shoreline and discharge into the pond. Compa$@xisting conditions to projected future
loads in the six ponds show that only a fractiothef steady-state watershed nutrient loads have
reached the ponds; water quality will worsen asawdithe phosphorus already in the aquifer
reaches pond and the systems move closer to sté&ady

The detailed review of the six individual pondswkdhat Seymour, Canoe, and
Blueberry are all impaired based on dissolved orygrits in the state Surface Water Quality
Regulations (314 CMR 4). Upper Mill is borderlimepaired and Walkers and Lower Mill are
not impaired under the state regulatory limits.
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In contrast, all six of the detailed ponds are imgghbased on the review of total
phosphorus, chlorophydl, and Secchi transparency. The individual circamses of each pond
show how the state dissolved oxygen standards €angb even when ecological conditions are
severely impaired. Walkers Pond, for example, msttte dissolved oxygen standards even
though it has average total phosphorus concentiafive times higher and average chlorophyll
a concentrations 10 times higher than their respgeape ponds standards. Dissolved oxygen
standards in Walkers are met because of regulangiof atmospheric oxygen.

Evaluation of the water and phosphorus budgetthfosix detailed ponds generally
revealed that additional information is going torbguired before remediation plans are
evaluated for cost and effectiveness. A betteetstdnding of sediment phosphorus
regeneration and the phosphorus contribution af papulations are common needs for all of the
detailed ponds. Itis also recommended that statemsystems around the ponds be evaluated
in order to develop measured, pond-specific phagghimput of this source. Depending on how
well the phosphorus budgets balance after devedapiis recommended information, it may also
be necessary to complete rooted plant surveysdierao evaluate how much phosphorus may be
bound in this portion of the plant community, adlas providing a baseline for future impacts
on this community. Completion of these activitralf allow the town to more effectively
review remediation options and clearly define whsolurces are most cost effective to address.

Ponds in the Town of Brewster require some addiattention to address their water
quality impairments. SMAST staff are availablgtovide additional guidance, develop tasks
and associated costs to address these impairnhelpsto ensure future regulatory compliance,
and restore these systems.
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APPENDIX

Pond Bathymetric Maps
Town of Brewster

prepared by
Jay Detjens, GIS Analyst
Cape Cod Commission

Data sources:
all ponds except Canoe
Massachusetts Division of Fish and Wildlife

http://www.mass.gov/dfwele/dfw/habitat/maps/pondsih maps_sd.htm

Canoe Pond
depth data collected by Jon Budreski in 2003



















































